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CHAPTER XXI 

CHROMIUM, MOLVBDHNUM, TUNGSTEN, URANIUM, AND MANQANRSS 

SuRPnuR, selenium, and tellurium belong to the uneven series of the 
sixth group. In the oven series of this group there are known chro¬ 
mium, molybdenum, tungsten, and uranium ; these give acid oxides 
of the type RO s , like S0 3 . Their feoid properties are less sharply 
defined than those of sulphur, selenium, and tellurium, m is the caao 
with all elements of the even series as compared with those of tho 
uneven series in the same group. But still the oxides Cr0 4 , MoO,, 
WOo, and feven U0 3l have clearly dofinod acid properties, and form 
‘salts of the composition M0,nR0 3 with balm MO, In tho mm of tho 
heavy eloments, and ospooially of uranium, tho typo of oxido, U< > 3 , 
is less aoid and more baaio, booause in the oven series of oxide® tho 
element with the highest atomio weight always acquires a more and 
•more pronounced baaio character, nonoe UO # shows tho properties of 
<a base, and gives salts TTO a X a . Tho baaio properties of chromium, 
molybdenum, tungsten, and juranium are most clearly expressed in tho 
lower oxides, which they all form. Thus chromic oxide, Cr a < ) lt is aa 
distinot a baso as alumina^ Al a 0 3 . 

Of all thoso elements chromium is tho roost widely distributed 
and tho most frequently used. It gives ohrotnio anhydride, CrO g , and 
ohromio oxide, 0r a 0 3 —tvro oompounds whoso relative amounts of 
oxygen stand in the ratio 9:1. Chromium in, although somewhat, 
rarely, met with in nature as a oompound of one or the other typo. 
The red ohromium ore of the Urals, lead ohromato or erocoinitfi 
PbCr0 4 , was the source in which ohromium was discovered by 
Yauquelin, who gave it this name (from the Greek word signifying- 
colour) owing to the brilliant odours of its compounds ; the chromate* 
(salts of chromic anhydride) are red and yellow, and tho chromic salta 
(from Cr a Oj) green and violet. The red lead ohromato is, however, & 
rare ohromium ore found only in the Urals and in a few other localities. 
Ohromio oxide, 0r a 0 3 , is more frequently met with. In small q ua ntities 
It forms the colouring matter of many minerals and rocks—for axample, 
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of some sorpontincs. Tho commonest ore, and tho chief source of the 
chromium compounds, is tho chrome iron ore or chromite, which occurs 
in tho Urals 1 and Asia Minor, California, Australia, and other 
localities. This is magnolio iron ore, FoO,Fo a 0 3 , in which tho forrio 
oxide is replaced by chromic oxide, its composition being FoO,Cr a 0 3 . 
Chrome iron oro crystallises in octalmdra of sp. gr. 4'4 , it has a fooblo 
metallic lustre, is of a greyish-black colour, and gives a brown powder. 
It is very feebly acted on by acids, but when fused with potassium 
acid aulphuto it gives a soluble mass, which contains a chromic salt, 
besides potassium sulphate and ferrous sulphate. In practice the) 
treatment of chrome iron oro is mainly carried on for tho preparation 
of chromatos, and not of ohromio salts, and therefor© we will trace the 

history of the element by beginning with ohromio acid, and especially 

with tho working up of tho chrome iron oro into polamum dichromate, 
K a Cr a O y , as tho most common salt of thin acid. It must be remarked 
that, chromic anhydride, CrOj, is only obtained in an anhydrous state, 
and is di.stinguiahod for its capacity for easily giving anhydro-salte 
with tho alkalis, containing ono, two, and oven three equivalents of tho 
anhydride to ono equivalent of base. Thus among tho potassium salts 
there k known tho normal or yellow chromate, K a Cr0 4 , which corre¬ 
sponds to, and is porfootly komorphoun with, potassium sulphate, easily 
forms komorphuua mixtures with it, an<l is not therefore suitable for a 
premia in which it is necessary to separate tho salt from a mixture 
containing sulphates. As in tho presence of a certain excess of acid, 
tho dichromate, K a Cr a O y » 2K a Crt) 4 4 * 2 IIX — 2KX — II a O, is easily 
formed from K a Cr0 4 , tho object of tho manufacturer is to produo© 
such a dichromate, tho more so as it contains a larger proportion of the 
olumonts of chromic acid than the normal salt. Finely-ground chrome 
iron ore, when heated with aa alkali, absorbs oxygen almost at easily 
(Chapter III., Not© 7) as a mixture of the oxides of manganese. with 
an alkali. This absorption is due to tho presence of ohromio oxide, 
which k oxidked into tho anhydride, and then combine*? with the 
alkali Cr ./) 3 *f 0 3 = 2Cr0 3 . As tho oxidation and formation of tho 
chromate proceeds, the tunas turns yellow, Tho iron in also oxidised, 
but does not give ferries acid, because tho capacity of tho chromium for 
oxidation is incomparably greater than that of tho Iron. 

A mixture of 11 mo (sometimes with potash) and chrome iron or# 
is heated In a reverberatory furnace, with free ft©e«§8 of air and at a 

Th» working of Mr® Ural efmww Iron ore Into ohromtttai eampet»«4« ha* bo#a 
firmly established in Ruwla, thanka to the of P. E. Uthakoff, who eon- 

stmotwrl large work* fur this purpose m tbs rfw Kama, mu Slaboogf, where as much 
M 1,000 ton# of ere are treated yearly, ©wtof to wltjioh the importation of chromium pro- 
paretUffiM into Emk hat CM«od 
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red heat for several hours, until the mass becomes yellow; it then 
contains normal calcium- chromate, CaCr0 4> which is insoluble in 
water in the presence of an excess of lime. 1 bU The resultant mass is 
ground up, and treated with water and sulphuric acid. The excess of 
lime forms gypsum, and the soluble calcium dichromate, CaCr s 0 7 , 
together with a certain amount of iron, paw into solution. The 
solution is poured oil*, and cludk added to it; this precipitates the, 
ferric oxide (tho ferrous oxide is converted into ferric oxide in the 
furnace) and forma a fresh quantity of gypsum, while tho chromic add 
remains in solution--that is, it dues not form tlm sparingly-soluble 
normal salt (1 part soluble in 240 parts of water). Tho solution then 
coitiiuioi a fairly pure calcium dtehronmte, which by double doconre 
position gives ot her chromates ; for example, with a solution of potassium 
sulphate it givei a precipitate of calcium sulphate and a solution of 
potassium diohronmte, which crystallises whtti tmporotol* 

JPatamium diekrmmk t K s Or # 0 fl sadly crystallises from add solu« 
tlora In ml, well-formed prismatic crystals, which fuse at a ml heat 
and evolve oxygen at a very high temperature, leaving chromic oxldo 
and tho normal salt, which undergo, >n mi further change : 2K a 0r a O 7 
«s 2K 4 (h( h •{ < Y a < H O j. At the ordinary temperature 100 parts 
of water dissolve lu parts of this salt, and tlm solubility increases as 
tlm temperature rfawi. It is must Imt«rt»t to note that the 
dichromate' does not contain water, it i« K 3 Cr0 4 + CrO a , the acid 
salt corresponding to potassium add sulphate, KHSO*, docs not exist. 
It does not evert evolve heat when dissolving In water, but on the con¬ 
trary pmlueca cold, ♦.*. it d*w« not form ft very stable cumj>omul with 
water. Tho solution and tlm salt itself are |>oiftonoua, and act St 
powerful oxidising agents, which it the character of chromic acid in 
general. When heated with sulphur or organic snlmUneea, with 
•ulphuromi anhydride, hydrogen sulphide, »Vc., thi« «»U I« deoxidised, 
yielding chromic coiHjaiuuds. a M » Totiwinuiij dichromate * hi uwi in tho 
arte and in chtsalstry as a source for tlm prejsiraltoa of all other 

' ** But ©w* Mtetan Awwiite ts «4aM* to wrtw ta &» pmmm* «f an ««•#» of 
«§tow«to wM» a» way te mm tow tbs fset that a iatetton of ©tawsl# sehi tltodv** 

llw». 

* Thera Wit m<u*y vuistiaas to &h» <U>t*iU of ttw tt«M»u4«ittrtt»i aw! lh«#» 

*nn»l te titefcmj f«r in wt*ffc» ph Wfeufc*! eWmtetry. But *» may »44 lUal the chrumata 
army bIsk* t«< <4>t«it,e4 l>y ah^hily reswUngj t*t8«|U»n#» t4 a *4 thromo turn an4 

Umw. »m 4 lU»’ii ttw tcauiUuit maMa to the amti»n of mr-irt lUr («*}*{«>« I* abwtlbdl, 

atpi ti»o linn tuiijo y«4l<>*). 

im ftw e*i li«iiig rnlM-n «»f p.U**lum <Alchr«m*t 0 t*t» t-rgahio autel-ftftca* it UtS 
OKilMfJf tew|»f#ii»s«i t« tatty matte4 tm4«*r tlt»> uf Thu* fl s*l4 oft 

ftatatta, as 4l*f»tpr«l; tie* i« »|-|.lic4 t«. ptwc-gjftjsby to the of photo* 


Far tfel# iMwp. m. 
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chromium compounds. It is converted into yellow pigments by moans 
of double decomposition with salts of load, barium, and zinc. When 
solutions of tbo salts of these metals are mixed with potassium 
dioliromato (in dyeing generally mixed with soda, in order to obtain 
normal salts), they aro precipitated as insoluble normal salts ; for 
example, 2BaCl a + K a Cr a O v + II a O e 2BaCrO< + 2KC1 + 2II01. It 
follows from this that these salts aro insoluble in dilute acids, but 
tho precipitation is not complete (as it would be with tho normal salt). 



gravure, photo-lithography, pigment dro. Under tho action of light this giitathr 

in oxidiund, and tin* Htrnmiri anhydride ihtnxidim'd into rhrntuin oxide, which nuiti'ii with 
tha gelatin ami foniiu a mnmHumd inwdubht in warm water, whilnt where tho light ImR nob 
(UiUhI, tlni gelatin romaimi iioliiMo, itn ^irojKirticH being unafifwtod by tbo proMmcu of 
ohnmtio will or miUnnium diuhrnmate. 



by saturating tin* anhydride it wolf with tumiimtia, Tho diehrmnato iti obtained by 
saturating min 11 art of tho anhydride with ammonia, anil ihmt adding a nernml part of 
anhydride mnl evaporating uiulor tho receiver of an air-pump, On ignition, tlo< normal 
ami acid naU>i leave i bromic oxide. 1‘nlaaoium nmmnnium chromate, NH 4 Kt’r0 4 , is 
obtained In yrllow nwttllnn from a solution of jxitaiwium duhromnte in aqueeu.i ammonia; 
lb nttfc only Imwa ammonia. ami lunmniwi wmvortixl into pntAimiutti dlchronmta when 
ignited, but a )mi by degrees #t tho ordinary tuiuperaUira, Thin tdtow* tho feeble energy 
of chromic will, ami iln tendency to form xUihh* dtchromate#. Magnesium chromate fa 
soluble* in water, a« also la thu strontium salt. TlwcaMum writ is slim somewhat srdublo, 
bub tho barium writ iw almost InwdubK Thu imwnorphism with sulphnrio wW Is shown 
in bb« rh ruinates by thu font that Uw mmfnwfttM and ammonium softs form dotthlo nil# 
conWninf nix «qui valent! of water, which aro perfectly isomorphous wfbh the ewre- 
ponding sulphate*. The magnesium mil «ry«talU#e* in large crystals containing wwh 
equivalent? of water. Tho beryllium, cerium, ami outwit salts «r« iu&nhildn in water, 
Chromic w nl ihna«lviii tuungiiuous carbonate, blit on nvo|«*ruI*«*t» tin- m.luti.-u deposit® 
msUIKttlunin dioxide, formed tit the tnpolnx. of tin* ovvg*‘it of tho i bloom- n> nl, flirmtilO 
arid altui oniiltun i furious oxide, u ml fotur oxide in i.olnblu in t bromic u« nl 

Chin of tint chromates m>i#t it mnl by tin* dyer te tbo in»did*l» yellow load i hr.'inato, 
I*li<*|l ) 4 (('Imptet XVI 11,, Nolo 4ft), which is precipitated on mixing wilutmna of 
I*bX, with oohibln chromates. It easily form* a lw*in oolt, having Urn i-i>m|«mitmn 
VbO,l‘bt^rt> 4 , a* a crystalline powder, obltunwl by fuming th« normal milt with nitre Mid 
them rapidly wnxhitt# in water. Tho name substance is obtained, although fwp«» end 
in small quantity, by treating lead eHmmate with neutral ptdaaaiam ehrtimad# ( «apeeiiiUy 
on boiling tha mixture; and Uii« giro* the pomubility of albafningt hy meena thew 
materials, various tint* of lead chromate, from yelkrw te red, pamdug through different 
orange nlmdca. Tha decompoaibkm which bahmi pjaes (iseompletely) in this case is 
M follows: ai’W’rV, * PbCrO*JE*bO♦ K*0r|0r-th4t in, poteedum dichrowate 

Is formed In solution. 
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but always thd anhydride, Cr0 3 . The corresponding hydrate, Cr0 4 H*, 
or any other hydrate, is not ovon known. Novortholoss, it uiust bo 
admitted that chromic acid is bibasie, because it forms salts isomorphous 
or perfectly analogous with the salts formed by sulphuric acid, which is 
the beat example of a bibaaic acid. A clear proof of tho bibasicity of 
CrO a is soon in tho fact that tho anhydride and salts give (when heated 
with sodium chloride and sulphuric acid) a volatilo chloranhydrido, 
CrO a Clj„ containing two atoms of chlorino as a bibasio acid should.® 

& DursuliuB observed, and Robo carefully Investigated, this remarkable reaction, 
which ooourtt between chromic add and sodium chloride In tho presence of sulphuric 
(Void. If 10 parts of common Balt bu mixed with 19 parts of potassium diohromate, fused, 
cooled, and broken up into lump*, and placed in a retort with 90 port# of fuming aul* 
phuria acid, it gives rise to a violent reaction, accompanied by the formation of brown 

fume# of chromic chloranhydride, or chromyl chloride, Cr0 9 Cl s , according to tho re* 

action OrO s +9Na01 +-Ha80 4 «Na 3 80 4 +H ! ,0 + Cr0 8 Cl 3 . Tho addition of an exoesa of 
aulphurio acid is niMMiasary in order to retain tho water. Tim same substance is always 
formed when a metallic chloride in heated with chromic acid, or any of its Malta, in tho 
prwwmui of milpliurio acid. Tim formation of thin volatilo mdmtanre in easily observod 
from tho brown colour which iti proper to its vapour, tin condensing tlm vapour in a 
dry receiver a liquid fa obtained having a wp.gr. of‘I'D, l Hiding at 11H'*, and giving a 
vapour whoso dunsity, compared with hydrogen, in 7H, which corresponds with tlis above 
formula, plummyl ohlorklo to decomposed by heat into chromlo oxide, oxygen, and 
chlorine: 9CrO a Cl 9 »Cr s Oj + 9CI* + 0; eo that it to able to act simultaneously aa a 
powerful oxidising and chlorinating agent, which to taken advantage of In the Investiga¬ 
tion of many, and «m>eelally of organic, substances. When mated with water, this 
substation first falls to the bottom, and fa then decomposed Into bydrooldorio and chromlo 
acids, liko all chloranliydiidos; CrOjt'b t H.,0wGrO s + 5JIIUI. When brought Into con¬ 
tact with iullummahlu substance* it rndti fire to them; it acta thus, for instance, on 
phosphorus, sulphur, oil of turpentlna, ammonia, hydrogen, and other substances. It 
attracts moisture from the atmospHern with greAt energy, and must therefore bo kept in 
dosed vessnlu. It dissolves iodine and chlorine, and oven forma a solid compound with 
the latter, which depends upon tlm faculty of chromium to form its higher oxide, 
CrjOj. Tim close analogy in the physios! properties of the chtoronhydrides, Cr0 3 Gl s and 
80|Clf, is very remarkable, although sulphurous anhydride to a gas, aud the corresponding 
oxide, CrO* is a non-volatile solid. It may bo Imagined, therefore, that chromium di¬ 
oxide (which will be mentioned in the following note) p»i«ata a polymwrtotd modifleatlon 
of the fubstaacw having, Who oomjpowltloB OrO* j to toot, thte to obvious town tho m*#w>d 
of Its formation. 

II three parts of potaasium diehromate he mixed with four parte of strong hydruohlorl* 
acid and a small quantity of water, and gently wanned, it all pamwa into solution, 
and Mo olilotUio is evolved; on cooling, the liquid dejKuute r>d priuinatic cr)ataU, known 
as iWipofs suit, very stable in air. Thfii him the ri.mpoailion KCl/'rO.i, and in formed 
ooonrdiug to tho aquatinti KjOjOj Ullt'i -»SK('l,(’rU,i t H s O. It i» evident that this 
is the first chloranhydrido of chromic acid, HCrO^Cl, in which the hydrogen is re¬ 
placed by potassium, It is dooomjHwed by water, and on evaporation the soluUuu yield* 
potassium diehromate and hydroolderio acid. This is a fresh instance of the reversible 
reaction* to frequently encountered. With aulphurio a«d Pehgol's salt form* dhromyi 
ohlorida. Tt» totter circuinstance., and tli«« foot that Geuthwr produceil Paligoft sail 
from potassium chromate and chromyl chloride, give nmm for thinking that it 1# a 
compound of thoao tew substanws, 9KQ,OrOjr«*K^OrO*+CrOfCla, Ufa also sometime* 
regarded as potassium diehromate in which cm atom of oxygen to replaced by chlorine— 
that to, K^lraOeUlt, corresponding with X$C%0?, Wh» heated it part# with oil it# 
ohlortoot and on further heating givM ehromlo oytto. 
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Chromic anhydride is a red crystalline substance, which is converted 
into a black mass by heat ; it fuses at 190°, and disengages oxygon 
above 250°, leaving a residue of chromium dioxide, CrO a , fl and, on still 
further heating, chromic oxide, Cr a 0 3 . Chromic anhydride is exceed¬ 
ingly soluble in water, and even attracts moisture from the air, but, as 
was mentioned above, it does not forin any definite compound with 
water. The specific gravity of its crystals is 2*7, and when fused it has 
a specific gravity 2*6. The solution presents perfectly defined acid 
properties. It liberates carbonic anhydride from carbonate® j givo® 
insoluble precipitates of the chromates with salts of barium, lead, etl,vor, 
and mercury. 

The action of hydrogen peroxido on a solution of chromic arid or of 
potassium dichromato gives a blue solution, which very quickly bonumes 
colourless with the disengagement of oxygon. Barmawill showed that 
this is due to the formation of a perohromio anhydride , Cr a O T , oorw* 
spoking with sulphur peroxide. This peroxide is remarkable from tb# 
fact that it very easily dissolves in ether and is much tnoro stable ilk 
this solution, so that, by shaking up hydrogen peroxide mixed with ft 
small quantity of cliromio acid, with other, it is possible to transfer all 
the blue substance formed to the othor, 01,19 

With oxygen arid®,chromic acid evolve® oxygen j for example, with 


0 This intermediate degree of oxidation, OrO», may also be ebW*w>d b* mixing sole. 
tlons of chromio salts with solutions of chromates. The brown precipitate formed 
eon tains a oorapound, Or a O s ,GrOj, consisting of equivalent amounts a# ehromio oxide 
and anhydride. The' brown precipitate of chromium dioxide contains water. Tho oatt® 
substance Is formed by tho imperfect deoxidation of chromic anhydride by various rodu* 
cing agents. Chromic oxide, when heated, absorbs oxygen, aud appears to give the tame 
substance, Chromio nitrate, when ignited, also gives this substance. When this «sb* 
stauoo is hoatod it first disongages water and theq oxygen, chromio oxide being left. It 
corresponds with manganese’dioxide, Cr a O 3 ,Cr0g»«fl(,:rO 4 . Krtigcr treated chromittfS 
dioxide with a mixture of sodium chlorulo and sulphuric add, and found that chlorine 
gas was evolvod, but that chromyl chlorldo was not fnrumd. Under the anll.m of hifhtj 
^solution of chromio arid also deposits the brown dioxide. At the ordinary temjwotaw 
ohromla anhydride leaves shrews, irtsis upon ttw skhx and fclwnto, which psobabb pa# 
eeeda fj»m a daeompostttottol Aatama kind. (kmk> eahy&td* is erisbta in 
containing water, and this solution is di*omp»#wtt Hn a simitar masse* by tigtit» 
Chromium, dioxide forms K^QrO* when treated with II 4 0 8 in the prowme® of KK0. 

OW* Now that persulphurlo add H^Os is well knows it might be supposed that 
cerohromfo anhydride, 0r # 0 T , would correspond to perohromio aoid, I^Cr/J^, but m fm 
it is not certain whether corresponding salts are formed. Richard (ItiOl) on oddisf »fr 
excess of HjO, and baryta water to a dilute solution of CrO* (H grm. per Utro), oboer**! 
the formation of a.yellow precipitate, but oxygen was disengaged at the noma time waft 
the preolpitate (which easily exploded whan dried) was found to ymMn, a» 

Admbcturaof BoO a , a compound BaCrO^, and this « IhvOa^ CrOj, and does srAsmeMpM#' 
to perohromio acid.' the foot of its decomposing with as explosion, and th« mad# <ot lt»f 
preparation, proves, however, that this la a similar derivative of hwtowiffi fe 

perBttlphurio! aoid (Chapter XX.) ^ 



'CHROMIUM, MOLYBDENUM, TUNGSTEN, URANIUM, ETC. 283 

Sulphuric &cld the following reaction takes place 2Cr0 3 + 3H 2 S0 4 
ssCr 2 (S0 4 ) 3 + 0 3 + 3H 8 0. It will be readily understood from this that 
ft mixture of chromic acid or of its salts with sulphuric acid forms an 
excellent oxidising agent , which is frequently employed in chemical 
laboratories and even for technical purposes as a means of oxidation. 
Thus hydrogen sulphide and sulphurous anhydride are- converted into 
sulphuric - acid by this means. Chromic acid is able to act as a powerful 
oxidising agent because it passes into chromic oxide, and in so doing 
disengages half of the oxygen contained in it: 2Cr0 8 ==Cr 2 0 3 + 0 a . 
Thus chromic anhydride itself is a powerful oxidising agent, and is 
therefore employed instead of nitric acid in galvanic batteries (as a 
depolarlser), the hydrogen evolved at the carbon being then oxidised, 
and the chromic acid converted into a non-volatile product of deoxida¬ 
tion, instead of yielding, as nitrio acid does, volatile lower oxides of' 
offensive odour. Organic substances are more or legs perfectly oxidised 
by means of chromic anhydride, although this generally requires the aid 
of heat, and does not proceed in the presence of alkalis, but generally 
in the presence qf acids. In acting on a solution of potassium iodide, 
chromic acid, like many oxidising agents, liberates iodine j the reaction 
proceeds in proportion to the amount of CrO a present, and may serve 
for determining the amount of Cr0 3 , since the amount of iodine liberated 
can be accurately determined by the iodometric method (Chapter XX., 
Note 42). If chromic anhydride be ignited in a stream of ammonia, it 
gives chromic oxide, water, and nitrogen. In all cases when chromic 
acid acts as an oxidising agent in the presence of acids apd under the 
action of heat, the product of its deoxidation is a chromio salt, OrX 8 , 
which is characterised by the green colour of its solution, so that the ? 
red or yellow solution of a salt of chromic acid is then transformed into 
a green solution of a chromio salt, derived from chromio oxide, Cr 2 0 3 , 
which is closely analogous to Al a 0 8 , Fe a O s , and other bases of the com* 
position R 2 0 8 , This analogy is seen in the insolubility of the anhydrous 
oxide, in the gelatinous form of the colloidal hydrate, in the formation 
of alums, 7 of a'volatile chloride of chromium, &c. 7 

v As a mixture of potassium diohromate and sulphuric acid Is usually employed 
for oxidation, the resultant solution generally' contains a double aulphato of'potas- 
eium and chromium—that is, chrome alum, iaomorphous, with ordinary alum— 
K 3 Cr a O 7 -MH 3 SO 4 +20H 3 O « 65+K 3 Cr 2 (S0 4 ) 4 ,24H 3 Oo»2(KOr'(80^ 3 ,12H 3 0). It is pre¬ 
pared by dissolving potassium diohromate in dilute sulphuric acid 5 alcohol is then added 
and the solution slightly heated, or sulphurous anhydride is passed through it. On the 
addition of aloohol to a cold mixture of potassium diohromate ahd sulphuric acid, the 
gradual disengagement of pleasant-smelling volatile products of the oxidation of aloohol, 
and especially of aldehyde, OiBUO, is remarked. If the temperature of decomposition 


For Note 7 bis see p. 285. 
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Chromic oxide, Cr 2 O a , rarely found, and iri small quantities, in chrome 
ochre, is formed by the oxidation of chromium and its lower oxides, by 

does not exceed 85°, a violet solution of ohromo alum is obtained, but if tho tempera* 
ture be higher, a solution of the samo alum is obtained of a green colour. As chrome 
alum requires for solution 7 parts of wator at tho ordinary temperature, it follows that if 
a somewhat strong solution of potassium dichromato be taken (4 parts of water and 1& 
of sulphuric acid to 1 part of diohromalo), it will givo so oonoentratud a solution 
of chrome alum that on cooling, tho salt will separato without further evaporation. 1/ 
the liquid, prepared as above or in any instanoo of tho deoxidation of chromic acid, 
be heated (the oxidation naturally proceeds 1 more rapidly) somewhat strongly, for in* 
stance, to tho boiling-point bt wator, or if the violet solution already formed be raised to 
the same temporaturo, it acquires a bright greon colour, and on evaporation the 
samo mixture, whioh at lower tomporaturos eo easily gives cubical crystals of chrome 
alum, does not give my cryetale whatever If the green solution be kept, however, for 
several weeks at the ordinary temperature, it deposits violet crystals of chrome alum. 
Tho groon solution, when evaporated, gives a non-orystallino mass, and tlm violet 
crystals loso wator at 100 ° and turn greon. It must be remarked that the transition of 
the green modification into the violet is aooompaniod by a decrease in volume (latent] do 
Boltbaudran, Favre). If tho green mats formed at the higher temperature be evaporated 
to dryness and heated at 80° in a current 9 ! air, it doe# not retain mere then 8 equi¬ 
valents of water. Hence Lfiwel, and also Sohrfittor, concluded that the green and violet 
modifications of the alum depend on different degrees of combination with water, whioh 
may be likened to tho different compounds of sodium sulphate with wator and to the 
different hydrates of ferric oxido. 

However, tho question in tills case Is not so simple, a# wo shall afterwards sou. 
pfot ohromo alum alone, but all the chromio salts , give two, if not throo, varieties. At 
least, ihoro is no doubt about the oxistonco of two—a green and a violet nioihfcutum, 
Tho groen chromio salts-are obtained by heating solutions of the violet salts, the violet 
solutions arc produced on keeping solutions of the green salts for a long time, Tim con* 
version of tho violet salts into peon by the action of heat is itself an indication of the 
possibility of explaining the different modification# by their containing different propor¬ 
tions (or states) of wator, and, moroovor, by tho green salts having a lam amount of 
water than the violet. However,-there arc other explanations, Chromio oxide is a has# 
liko alumina, and is therefore able to givo both acid and basic salts. It Is supposed that 
the' difference between tho peon and violet salts is due to this fact. This opinion of 
Krllgor is based on tho foot that alcohol separates out a salt from the green solution 
whioh contains less sulphurio acid than the normal violet salt. On the other hand, 
LSwel showed that all tho acid cannot bo separated from Urn green clir>mii» Halts by 
suitable roagents, as easily as it can bo from tint samo solution of tint viufei sails; thus 
barium salts do not precipitate all tho sulphuric acid from solutions of tho groon salt#. 
According to other researches the oause of the varieties of Urn chromic emit-, ln?« in a 
difference in the base# they oontain—that is, it i# connected with a modification uf th« 
properties of the tnd&i of chromium itself. This only refer* to th« hydmldtos, hurt a# 
hydroxides themselves 'are only opecial forms of celt#, the diffMMi observed m yet 
in this direction between the hydroxide# only confirm the generality of the diffemw* 
observed in the ohromio compound# (see Note 7 bis). 

The salts of ohromio oxide, like those of alumina, arc, easily decomposed, give ba»i# 
and double salts, and have .an acid reaction, an chromio oxide id a fcml>la base. I'afe*, 
slum ana sodium hydroxides givo a precipitate of tire hydroxide with chromic oaiu, 
CrX 3 . The violet and paen salts give a hydroxide soluble in an excess of the 
teagent j but tho liydroxido is hold in Solution by very feubto affinities, *<> that if t« 
pWtially separated by heat and dilution with water, and completely no on boding. 
In att alkaline solution, chromio hydroxide is easily converted into ehrmfe add 
by the ^action of lead dioxide, chlorine, and other oxidising agent#, U the ohromio 
oxide oocuts'together with nuoh oxide# as magneeia, or aim oxide, thw on prscIpi toMen 
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(ho reduction of chromates (for example, of ammonium or mercuric 
chromate) and by the decomposition (splitting up) of the salino com* 

it repora-kw out from its solution in combination with those oxldos, forming, for oxfunplo, 
ZnO.Cr;() 3 , Viard obtaiutid compound* of Cr a O s with tho oxides of Mg, Zn, Cd, &o.) 
On precipitating the violet solution of ohroinn alura with ammonia, a precipitate contain* 
lag Cr*Oj,6HiO is obtained, whilst tho precipitate from the boiling solution with cauetin 
potash was a hydrate containing four ccjuivalonti of water. When fuwd with borax oh rein io 
salts give a green glrtee. 'flw mums coloration la communicated to ordinary glass by tiro 
prewnoo of traces of chromin oxide. A chrome glims containing a largo amount of 
chromic oxide may lx> ground up and need as a green pigment. Among tho hydrates 
of oxide of chromium Guignct'i (from forma one of the widwly-utwd green pigments which 
have town MutiHtitutcwl for the jKiiwmotm ammieol copper pigments, such aa Hchwninfurt 
green, which formerly wan much awl. Oulgnet’s green ha# as extremely bright groan 
colour, and is distinguished for its great stability, not only under the action of light hut 
also towards reagents} thus It fa not altered by alkaline solutions, and even nitric acid 
does not act on It. This pigment remains unchanged up hi a temperature of MO 0 1 ft 
contain# Cr^0 8 ,9H0^, and generally a small amount of alkali. It 1® prepared by fusing 8 
parts of boric acid with 1 part of* potassium dlchrnmnte; oxygen i»i diociigagcd, and a 
green gliuiti, nm tabling a imxlurn of (lie hornless of chromium and potar.tsinin, is! i ibtained. 
When i . ol (lii-s I'biim in gl.mml up and il with water, which cxtrrw'a the boric 

acid and alkali and haw., the above named chromic hydroxide Itebunl. Thin hydroxide 
only part a with it>< water at a red lie,it, leaving the anhydrous oxide. 

The chromie hydros idea lose their water by ignition, Mid in so doing become #pon« 
tancoualy incandescent, like tho ordinary fwrrle hydroxide (Chapter XXII.). It hi out 
known, however, wheUwr all the raodlfteaUone of chromic oxide show this pheiuimeoon. 
Tho anhydrous chromic tixitlc, Cr a O$» Is exceedingly dlRcnltly solubtn In acids, if it 
has paaaud through Urn above rrrahmrent’is. Hut If it has parted with Its water, or tho 
greater part of it, and not yet iiinUigoriu this aelf-induced liirandosccnre (has not lost a 
portion of iIm mergyl. then il is s.obible in acuta II i* ted reduced by hydrogen. Il is 
easily obtained in varioim i ry«t,iUme forms by many methods The rlirofimtm of met* 
cury amt amiiioninm give a very reuvenicnl method for il» preparation, Iktuuwi wlma 
Ignited they leave cliroinm oxide Indued, In lie* first iintanei* oxygen and mercury ft.ro 
disengaged, and in Urn second case nitrogen and water . UlIgjl'rtL **' Gt/l* + O s t tligo* 
(Nil//’r/L *» CV/L * *11/1« N } . The second reaction in very energetic, and the mass 
of anil bums spontaneously if the tem|*»ralttre l«i suffUneukly high. A mixture erf petaiu 
alum sulphate amt chromic’ oxide is formed t»y totaling pwtasdura fUohrhmata with m 
equal weight erf sulphur: KyCr<Oy + » » * Cr,0*. The sulphate la wady extracted 

by water, and there rentaiiut a bright green residue of the exult*, whate fiatow is mom 
brUlta* Um lower the tempenUutw of the deeaatpcMiikMt. Thu <*Mte tb»* obttrftwd 1* 
«u*d m a green pigwwil for Ala* wd mmuumI. The aohydreus ehrontla oxide «bWwHt 
frem chromyl eHlorhta, Crty’’!,. hoe a sja'ciflc gravity of R81. and forms almoet blank 
crystals, which give a green j«>vr<tor. They are hard enough to scratch glass, (Mid have & 
metallic liutro. Tho i t yst.dhti" (. rill of chromic oxide ns trf< iiltitd with liialof the "XkIo 
of iron and alumina, with winch H in i#oniorpto<u«. 

t tm Th» most important «rfU*« compounds corresponding with chromic oxuln Is rfmmU 
ehiimdc, Cr/rh, Which >» kwma in an anhydrous and »n a hydrated form. It resemble* 
ferric and alutnmle chbmdes m many re»j>« ta. Tlmre t» a great did©r«nc« betwewa 
Uta anhydrems and thn hydrattnl ehhwides { the fomwr is insoluble In water, tkw la t ter 
auully d(!?Si»4v<e*, md on evspttraUim ita wdutam forms a hygw»»p4c ohmm wh*A is my 
uwitebl* and outlay *wd¥« hydrewhhwio aeM wh« it««ted with water. The anhydn** 
Mtn I* of a violet and Wcihtef give# the fedtawltet utetfend for to ^wparetew: an 

inUmate mixture is prepared of the onhydmu* ehremie ©stab wiUt ewrten ami organ io 
mattar, and charged mUi a wide infttatbki gta*i or pwreeWn tube which is heated in a 
OOKbusUon furuaco; m extremity of the tube e»*uwttuaicaies with on spi**r«lu# geuwrot. 
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pounds of the oxide itself, 0rX 3 ot Or 2 X B , like alumina, whioh it 
resembles in forming a feeble base easily giving double and basio salts, 
which are either green or violet. 

to dry it perfectly before it reaches the tube. On heating tho portion of tiro tab® In 
which the mixture is placed and passing chlorine through, a slightly volatile sublimate of 
chromic chloride, CrCl 5 or Cr,Cl fl , formed. This substance forms violet tabular 
crystals, which may be distilled in dry ohlorine without change, but whioh, however, re* 
quire a red heat for thoir volatilisation. 'Theso crystals are greasy to tho touch anti in¬ 
soluble in water, but if they bo powdered and boiled in water for a long time they pass 
into a green solution. Strong sulphuric aoitl does not aot on tho anhydrous salt, or 
Only aots with exoocding slownoss, like.water. Evon aqua regia and other acids do not 
p,ct on tho crystals, and alkalis only show a very fuoblo action. The specific gravity of 
the crystals is 2-99. When fused with Bodium carbonate and nitre they give sodium 
cblorido and potassium chromate, and when ignited in air they form groi-n chromic oxide 
pud evolve olilorino. On (gnition iu a stream of ammonia, rhvmtrio chloride forms 
sal-ammoniao and chromium nitrido, CrN (analogous to tho nitrides UN, AIN). Mi»d>rrgitml 
Peligot showed that when cliromio chloride Is ignited in hydrogen, it purl x with mm third 
of its chlorine, forming ohromous oldoride, CrCl a —that is, there is formed from a com¬ 
pound corresponding with ohromio oxide, Or 9 O s , a compound answering to the mbaxlde, 
chromous oxide, CrO—just as hydrogon converts ferric chloride into ferrous chloride with 
the aid of heat. Ohromous chloride, CrCl s , forms oolonrless crystals easily soluble la 
water, whioh in dissolving evolve a considerable amount of heat, and form a blue liquid, 
capablo of absorbing oxygon from tho air with groat facility, being converted (hereby 
into a cliromio oompound. 

The blue solution of chromons chloride may also ho obtained )>y the iwlmn of mctalliu 
eino on tho groon solution of the hydrated chromic chloride; tho sine in thin aum lakes 
up chlorino just as the hydrogen did. It must be employed in a large excess. Cliromio 
oxide is also formed in tho action of Kino on. chromic chloride, and it the solution remain 
for a long time in contact with the zinc the whole of the chromium, is converted into 
chromic oxyohloride. Other ohromio Balts oro also reduced by zinc into chramaut salts, 
CrX 5 , just aB the ferrio salts FeX 3 aro converted into ferrous nolle FeX 3 by it. The 
ohromous salts aro oxooedlngly unstahlo and easily oxldiae and pww into chromic waits j 
henco tho roduoing power of'thoBO salts is very great. From euprio Halts they separate 
cuprous salts, from stannous salts they precipitate metallic tin, they reduce merourta 
salts into mercurous and forrio into ferrous salts. Meroovor, they absorb oxygen from 
tho air directly. With potassium chromato they give a hrewn precipitate of chromium 
dioxido or of ohromio oxido, aocording to tho relative amounts of tho substations taken: 
CrOj + CrO«*SCrOj or Cr0 5 +8CrO«2Cr.jO ; . Aqueous ammonia gives a blue ptw,pj„ 
tato, and in tho prosonoo of ammoniacal salts a blue liquid iu obtained which turns red 
In the air from oxidation. This is accompanied by the formation of r.oiqx.umk analo¬ 
gous to those given by cobalt (Chapter XXIL) A solution of ohromous chloride with a 
hot saturated solutidn of sodium acetate, CfHsNaO*, given, on oeo)ing, tmw»pw«»t ml 
cxyetafa of ebtomws acetate, CAOrQ^HfO, This salt U also a powerful mdmug 
agent, but may be kopt for a long time In a vessel fall of oarbontp anhydride. 

The insoluble anhydrous ohromio chloride OrClg very easily jkwim inkkmdalim fa 
the presence of a trace (0-004) of chromous chloride CrCl s . This refnarWahfa |*b»« 
nomenon was observed by Feligot and explained by Lbwel in the following manner; 
ohromous oldorido, as a lowor stage of oxidation, is capahlo of absorbing both ..xygmi 
and chlorine, oombiuing with various substances. It is able to decom|«i#«» m«,y 
•hloridos by talcing up olilorino from them} thus it precipitates mercurous chloride tnm 
a solution of morcurio oldorido, and in so doing passes Into chromic chloride: WL'tCl* 

+SHgQls«■ OrjCls+SHgCl. Lot us suppose that the same phenomenon takvs ria - a 
when the anhydrous ohromio chloride is mixed with a solution of ebtomoue chloride* 
The latter will then take up a portion of the chlorine of the former, and pass into % 
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Tho reduction of chromic oxide—for instance, in a solution by zino 



obloridn re-formed in tldu manner will then net on tv froah quantity of tins chroudo 
chloride, and in thia untnuor tminfor it entirely into solution itu hydrate. Thin view iu 
confirmed by tho fart that other ghlorido*, cnpabln of absorbing cUl<>riun hku chromoue 
chloride, atoo induce tho solution of tho insoluble chrotnio chloride-fur uxaiupln, fern me 
chloride, hVClj, end rupruU* rhlyrido. Tint preswmwi of nine also aide the Solution of 
chromic rhlitrtdo, owing to it« converting a portion of it into efm^»»ua chloride, Th# 
solution of chromic chloride In water obtained by these method# i« perfoctJy identical 
with that which lit formed by dtoanlvmg obruinio hydroxide in hydrochloric acid. Ott 
evaporating the gmm talutum obtaiued in thi* manner, it give* a gw»n mass, cwn* 
taining water. On further heating it leavee a soluble elmwnia oxychloride, and when 
ignited it flret form* on Insoluble oxyoldoride and then chromic oxide; bni no anhy* 
droits chromic chloride, Cr*Cle, h formed by boating the aqueant solution of ehnmtio 
ohloride, which forms art Important fact in support of tho view that ihu green #olu- 
tlon of chromic chloride to nothing el»» but hydrochlornlo of ««mdn of chromium. At 
lUlt' the of tbo green hydrate i* Cr u v‘b.Ulf jH, and on evai» ratten at th« 

ordinary tnmperaturo Jl./lU, t ryatals are oblnint d with I'd (-quimhntn of water} 

tho red rtmoM obtionod at J'in ' rottlatne t’rit>j,4v'r s t‘l«,#4lljt >. Tint greater }«*rti*in uf 
it In aoUihU* in water, like the uism which ia funned at IW‘* Tho latter eon Nine 
Cr a 0 6 ,9€r./,1«,BH J 0^fifCr f <JiCl4r#H»G}— that is, it preewaw tin* name eompomtten as 
ehromie chloride in which tm atom of oxygen tmyAmm two of ahlorfaun And if thi 
hydrate of chromic, chloride l* rsgarded w CrjOaftllCl, th» rabetanae wWeh fi ob¬ 
tained ahould b*» regarded m Cr a f)j,4llCl combined with water, HjO, Tho addition 
of alkalis-for example, haryto—lo a solution of rbrointa cldorid« iuimmliatedy prinl ticca 
a precipitate, winch, however, re dissolves on shaking, owing to Urn formation of one of 
th# oxychlorides just mmittoncd, which may l*e regarded on hoir suite. Thu# we may 
reprwwmt the product of tlm change produced on rlmmim chU-ndo tinder th>- fnthtenee 
of water and heal l>y the following formulm. tlral Cr/'jd'dit'l or fr^lT^alf^i> im formed, 
than Cr,0 # ,41101,11,0 or Cr s < )C1,,811,0, and lastly Vr/ »*aUrUll*t> or iir a n } n t ,8»/). 
In all three ea*«* thorn are 8 equivalent* of chromium Vi at Uu a aquivahmta df 
water. Thene c«rai*iund» may be regarded a* being intermediate Wlwcen ohromto 
hydroxide ami ehloridn} chromie chloride to Cr/ll*, the first oxychloride Cr t (< >111,0*, 
the second Cr»(Oil)*Cl*» «md thw hydrate C’r»fOJU)*—that to, ths ddorine k refdaoed by 
hydroxyl. 

tt is vary tavpartant to iw© ^rettssato* m migml to tUa. (1) That th# 

whote of Dm ©Matte# In th« show ««up©M4« U not pr««ipll*4»d from llielr auhiUorit 

by eilver nitrate; thus the normal salt of t)» eompmdtfott C*r|t’l#,Blfjf> tmiy gives tip 
twiothirda of ite chlorine, therefore I'ehgol »uppM«t# that Um ifriool aalt t.intern* lha 
oxychloride combined will, hido't bb rlc ucid : t'r,( 1 0 * Ull,i i« Ct* 1 l,.4ll('t, ntel thai 
the chlorite' lud'l a» hy4r.srSd->rie ncid imwta with Ue> aitear, wloUt th^t b>dd in 1 )m 
cwyehl*»n«le d>*» nut enter into r«a«.Uoti, j«*>t m *i> »4»*urv« » very ! ty 4«.,v. !• j^d 
ioeulty for reaction in the unhydrotut ehr«>tmo chb rubi; and (4) if the gr«*>n a jU«oti« 
nolution of CrCl s l m left to etend for wutm lime, it ultimately turns vi* 4 p| ; in thU f^rnta 
the whole uf ttwcWorlno to preeipitetedi by AgN*>j» whrtol Wling r« eonverte it tote Ita 
green vartoly- Ldwel obtelnwl Um vt»4et •t>S«tion of bydruehlwrtde «f «hw«lif mMk bf 
d»»xmpo«tof the viulet ehromto sulphate with tiurfum eblurhte. Silver nitrate prselpf* 
late# all tho ehlonnn toom toto vkdet modl&atom 5 Wt U Ifae viokt wdnltoit he btofed 
and #0 converted into the green roodlicatkm,»itvwr totrate tl»«a od^> preafpitales a portion 
of lh«i ehlorine. 
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its salts, CrX 1( of a blue colour (see Notes 7 and 7 bf8 ). Tho further 

converted it into the green salt, which, wheh troatod with alkalis, gave a precipitate 
of Cr a Oj,2HjO, soluble in 2H a S0 4 (and not 8), and only forming the basio salt, 
Cr a (0H) s (804) s . He therefore concludes that the groon salts are liasio salts. The 
cryosoopio determinations made by A. Sporansky (1893) and Marohotti (1892) give a 
greater ‘depression* for the violet than the greon salts, that In, indicate a greater 
moleoular weight for the green salts. But as Etard, by heating the violet sulphate to 
100°, converted it into a green salt of the same composition, but with a smaller amount 
of HjO, it follows that the formation of a basic salt alone is Insufficient to explain the 
difference between the green and violet varieties, and this is also shown by tho foot that 
BaClj precipitates tho wholo of tho sulphurio acid of tho violet salt, and only a portion 
of that of the groon salt. A. Speransky also showed that tho moleoular electro* 
conductivity of tho groon solutions is loss than that of the violet, It is also known that 
the passage of the formor into tho latter is accompanied by an increase of volume, arid, 
according to Boooura, by an ovolution of boat also. 

Piooini's resoarclios (1891) throw an important light upon the pnouliuntimi of tho 
, green chromium triohloride (or ohromio chloride); ho showed (1) that AgK (in contra- 
distinction to tho other salts of silver) prooipitatos all tiro chlorine from an anurous 
solution of the green variety; (2) that solutions of green CrCI 3 ,flII 3 0 in ethyl alcohol 
land aoetoue preoipibatef all their chlorine when mixed with a similar solution of AgNO s ; 
(8) that tho rise of the boiling-point of the ethyl aloohol and acetone green eolations of 
0r01 s ,65a0 (Chapter VTI., Note 27 bis) shows that i in this ease (a# In the aqueous solu¬ 
tions of MgS0 4 and HgCl s ) is noarly oqual to 1, that is, that they ora like oolutionii of 
non-oonduotors; (1) that a solution of groon CrClj in mothyl aloohol at first precipitates 
about J of its ohlorino (an oquooua solution about f) when treated with, AgNO,, but 
after a time the wholo of tho ohlorino is precipitated; and (15) that an mpwouu solution 
of the gretn varioty gradually passos into tho violol, wliilo a methyl aloeholie solution 
preserves its green colour, both of itself and also after tho whole of tho eWorlno Jm# 
been preoipitatod by AgNO-j. If,.however, In an aqueous or methyl aloholio solution 
only a portion of the ohlorino be preoipitatod, tho solution gradually tarns violet. 
'In my opinion the general meaning of all these observations requires further elucidation 
and explanation, whloh should be in harmony with the theory of solutions. Recount, 
moreover, obtained compounds of tho green salt, CrgfSOJj, with 1, 2, and 8 molwmlcs of 
iHgSO*, K 3 S0 4 , ana even a compound Cr^SOJgHaCrO.,. By noutmlimug tho aulphnrio 
acid of the compounds of Cr 3 (S0 4 ) 3 and H a S0 4 with caustic soda, Rocoura obtained an 
^evolution of 88 thousand oolorios per caoh 8NaHO, while froo Hj 80 4 only gives 80'8 
.-thousand calories. Roooura is of opinion that spooial chroma tulphuric acritU, for 
instance (CrS0 3 )H 3 S0,j»®iCr a (80,,) 3 n a S0,|, are formed. With a still larger nmt»i of 
I sulphuric acid, Reooura obtained salts oontainiug a still gruatcr nuiiilwr of nulphurio 
;aoid radioloB, bat even this method does not explain tho difference botw<*m tho groon and 
lviolet salts. 

These foots most naturally be taken into consideration in order to arrive at 
any complete decision as to the cause qf the different modifications of tho chromic s«dte. 
We may observe that the grew modification of chromic chloride does not give dembte 
salts with the metallic chlorides, whilst the violet variety ferns compounds Cr-j01,., , ,iR01 
(where R«=an alkali metal), which arc obtained by heating tho chromates with an mmm 
of hydroohlorio ooid and evaporating the solution until It acquires a violet colour. As 
tho result of all the existing researched Cn the groon and violet ohromio salts, if appears 
to me most probable that their difference is determined by the fwhlo ImwIo chamotte of 
ohromio oxide, by its faoulhy of giving basic salts, and by the colloidal projHirtiM* of if# 
hydroxide (those three properties are mutually connected), and moreover, if to me 
that the relation between the groon and violet salts of ohromio oxide best wwrwur# to the 
relation of tho purpureo to tho luteo oobaltio salt# (Chapter XXIL, Note 88), This 
iubjeot cannot yet be considered as exhausted (jw Note 7). 

We may here observe that with tin the ohromio salts, CrX* give at low tomjwotojrM 
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reduction s of oxiclo of chromium and its correspondihg compounds 
gives metallic chromium. Dovillo obtained it. (probably containing 
carbon) by reducing chromic oxiclo with carbon, at a temperature near 
the melting point of platinum, about 1750°, but tho metal itself does 
not fuse at this temperature. Chromium has a stool-grey colour and is 
very hard (tip. gr. 5*0), takes a good polish, and dissolves in hydro¬ 
chloric acid, but cold dilute sulphuric and nitric acids have no action, 
upon it, lUmsen obtained metallic chromium by decomposing a solution 
of chromic chloride, Or^Cl,-,, by a galvanic current, as scales of a grey 
odour (up. gr. 7'3). Wohler obtained crystalline chromium by igniting 
a mixture of tho anhydrous ehromio chloride Cr s Cl e (»ee Note 7 bis) 
with finely-divided xino, and sodium and potassium chlorides, at the 
boiling-point of tino. When the resultant mass has cooled the sine may 

CrX| and SnXj, whilst at high temperatures, on tho contrary, CrX a reduce*.* tho metal 
from its nalt# HnX 3 . Tint- reaction, therefore, belongs to the class ut revuroildo reao- 
tinns (Thiknloft). 

I'ouh'iio ohliiiiiCiT nnhydrenu OrPj («p. nr. N'7>>) »nd CrF-, (np. Hr- t 11) by tho 
action of gancmii* HI'' m»m t'rt'ljj. A «nlutimi of fluoride of rhremium is employed tw a, 
mordant In dyeing. Ueonura (lsito) obtained green and violet varieties of 
The groan variety can only be kept in the prwnmee of an axaua* of IUk In tho solution, 
II alone its solution easily paase* into tho violet variety with evolution of heat, 

1 The reduction of metallic chromium proeesds with cwnpwaUvo «mum» in oqueoat 
eolation*. Thus the action of sodium amalgama upon a strong eolation of Or a Cl< fires 
(drat CrCl„) an nmalgam of chromium from which the mercury may be easily driven off 
by heating (in hydrogen to avoid oxidation], and them remains a «j«>nry in««ii of eusily 
oxldirnible chroniimn. I’laaotflHOl), by passing an elm-trio current through n solution of 
uhrerm* alum mixed with a entail amount of l!jH<h and KjB0 4i obtained hu*d nrah>,i«if 
chromium of a bluialt-wblle colour posaesaing groat hardneu and stability (under tho 
action of water, air, and aeida). (llatsel (1«IW) reduced a mixture of UlvtU t Cr/‘l* hy 
beating it to mine** with nhavlngs of magneaiura. Tim mebilhS chromium than 
Obtained has Um appearance of a flue light grey powder whieh la «wn to 1 h* oryaUlllna 
under the mlproampe; (t« ip. gr. at Id' is 0 73H4, Itfusaa(with anbydreu* boras) only at 
the highest temiwralures, and after fusion present* a all rear-white (motors. The strongest 
magnet has no action npon It. 

Blolssaa (ISM) obtained *%or*dttai by reducing tits adds Cr 4 Oj with »«hf» to tho 
eloetrioal ternaos (Chapter TUI., Koto 17) to MO mtoutep with a current of ISO amphres and 
80 volt*. The mixture of oxide and carbon gives ft bright Ingot weighing lOft-HO grams, 
A current of 100 ampere# and 80 volts completes tho experiment upon a smaller quantity 
,of material in 10 minutes; a current of SIO anipl*rea and CO volts gave »»ingot of 1U gram# 
In 8 (MO minutoa. Tin* resultant carbon alloy (a nmro or b sa rich in chromium 
(from H7 K7-01 7 p e ). To obtain the u*i<tal free from carbon, the alloy in broken into 
large lumps, mixed with oxide of chromium, put into a crucible amt covered with a 
layer of ox Ido. This mixture is then heated in the electric furnace and the pure metal 
is obtained. This reduction Par* also b« carried on with chrome iron ora F«t)Cr*0j 
which «*a» to nature, to this mm a homepnemts alloy c»f iron m4 etow»ta« 
t« obtotoed If this nltey be thrown to lumps into molten ft few»» Jwdubte 
•etqoloxfde $f torn and a soluble nUtrdim chromate, This alloy ctf tom an4 
chromium dlwdhred to molten items! (ahroms oteel) r«mdor» It hard and tough, that 
such stoel has many valuable appUeattona. Tbs alley, containing about i p,o. Cr and 
about 1-s pn. carbon, known harder than lbs ordinary fed* of tampered steel and luw » 
fine granular fracture. Th« usual mode of preparing tho farroohremes for adding to 
etwl to by fusing powdered chroma Iron ore under fluxw to a graphite erudblc. 
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be dissolved in dilute nitric acid, and grey crystallino chromium (ap 
6 - 81 ) is left behind. Frdmy also prepared crystalline chromium h> 
action of the vapour of sodium on anhydrous chromic chloride ; 
stream of hydrogen, using the apparatus shown in the oceompan; 
drawing, and placing the sodium and the chromic chloride in H* pu 
porcelain boats. The tube containing these boats is only heated u 
it is quite full of dry hydrogen. The crystals of motallie chrom 
obtained in the tube are gray cubes having a considerable hardness 
withstanding the action of powerful acids, and even of aqua n 
The chromium obtainod by Wdhlor by the action of a galvanic cur 
is, on tho contrary, acted on under thoso conditions. Thu rwuso 
this difference must bo looked for in tho presence of impurities, ani 
the crystalline structure. But-in any oaso, among tho propertie 



.. 


Fia flS.—App&r&ta* for tho pwp&r&tlcm of BMtAlUo ehromtam by IgaiUsg obroutfo ettap^ 
ftod sodium lu a ttetia of bydrog«u. 


motallie chromium, tho following may bo considered established : s 
white in colour, with a specific gravity of about 6-7, is extremely 1 
in a crystalline form, is not oxidised by air at tho ordinary temperat 
and with carbon it form® alloy® like cast iron and steeL 

The two analogues of chromium, wolf bdmmm tad Jtwipjttm {or ’ 
fram), are of stall rarer occurrence In nature, and fora add oaddes, 1 
which are ®tiU less energetic than CrO a . Tungsten mmm In die m 
what rare minerals, Bchmlite, 0 aW 0 4 , and molfrmm j the kitur Imlnf 
isomorphous mixture of the normal tungstates of iron and mangtn 

«r nr-« V'wr/'V •«*>««« • ^ 
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in Saxony, ’Sweden, and Finland. Tungsten ores are sometimes met 
with in considerable masses in the primary rocks of Bohemia mil 
Saxony, ami also in England, America, and the Urals. The pre* 
liminary treatment of the ore is very simple; for example, the sulphide, 
Mo8 s , is roasted, and thus converted into sulphurous anhydride and 
molybdic anhydride, Mo0 3 , which is then dissolved in alkalis, generally 
in ammonia. The ammonium molybdate is then treated with acids, 
when tho sparingly soluble molybdic acid is precipitated. Wolfram is 
treated in a different manner. Most frequently the finely-ground ore is 
gipmtedly boiled with hydrochloric and nitric acids, and the resultant 
solution® (of salts of manganese and iron) poured off, until tho dark 
brown mass of ore disappear®, whilst tho tungstic acid remains, mixed 
with iilioa, a® an insolubio residue ; it is treated alio with ammonia, 
and is thus converted into soluble ammonium tungstate, which passes 
Into solution and yields tungstic acid when treated with acids. This 
hydrate is then ignited, and lcavei tungstic anhydride. The general 
character of molybdic and tungstic anhydrides is analogous to that of 
chromic anhydride; they are anhydrides of a feebly acid character, 
which easily give polynoid salts and colloid solutions.** bl * 

» t m The alAmto oom position of tho twngatim ami molyfolimum compound* J» taken as 
talng itfontiral with that of tliti mf imlj*!mr ami chromium, t»ymi!i?i« |l| hath 

IImjw* mntaL tu.i in which tie* amount.» *4 uxy,n*» \<vv t |i\«*n um<<t)!ii uf nmtal 

§t«i*l in l ho rati* *i 3, t'JI tin* hi^h* r m <4 tin* lutt^r kuni ? nsnf, bk»’ * hrntmO 

u.4.1 nitlpliiifo’ it ha# tilt m nl t hnift* t>*r , (.1) c-ntum *4 tin* muly! am tmh 

fnotyhntia with tho Mliplmtiu ; f 11 lli*» Bpr* Sic lonit tif tiiitj.yif» n u t( o.ui, «’ V nn<<|U*mtIy 
Alii* |»r*»ltmt. <*l iho atomic WMiilst mi. i n tm'ifU' In’sit it *1 I?*, him tiit4.t *4 the oOmr 
— fl »u tlii* mum» with ti!t4|Kl*'«iiiii, Pile * 0 U 7 CU «• tl J , E«n«ati>ii form** with chloriitft 
net only compound* WCIrt, ttinl Wi H*!*, blit »!»« a v*ikl4l« aiitmtanco lliit 

&uah*§nm of ahrowyt chlorate, amt ftulphuryl clilorit'H HOjClj. &fo!ybft«mttUi 

§lm§ tlwi enm pound*, Mi »€#!§# MoC!»(?h M1CI4 (few#* at I® 4 ’\ t«il# at iH^j 

iMoviting to Itobray $i »ntaiiii Mot*!*)* IfoOtT* MoOfCI* atel T!t® 

wtiatonMi el h««4elikfii% WO# S» «t mmUmI prt»# n# ttwi t#nt Hut Ht# lfp* 

IX«i|p«i»fi Urn m fit HO*{ mpmr tmnmtety 

4*t»rmttMkl fef tti# eltleruift eompomkls IfaCI* WCl* WC!»* W0€l 4 (ftom«*l Wv«s m 
duuhl w tii tl» «iel«*Pttl*r ci»i|wlti»» ef lit# eompouiuU of tuagntan and molylxlAtittm, 
for tlw ami ojtl«mUttxl rtmtlt* wilirriy ajjrmi. 

TuttgHoo is »«$»* turn** called m h«nn»tir of to h*H*W, «hftc»*v»*r,*»] $t in 1741 

ifilld m<4yln|nuum «* IVVfi. Tuiigetrsii w tils** Iiiinwt* a# Iftam; tli« former ttAin«* w%4 llm 
BAUtf gitnii Ui il l*| l»» it fr<>m th*» wnwral thru luntwu m 

tmiig»tpti *ii4 new r»II«l #eliiwhti», CaWti!, Tli« r#*»afrlw# tUmnm, llls»iiwtrMi4 anti 

llirtiwii light»*u thi> wh*4# hmhiry nf llm e«>iBprittid# 

of i«i4|Miiiitiw Mt4 

Tit# {un«ftf«nitxm wtlhi of Iwif■§!»» »n«I ninlfW ip mkh taftt* aalqr* 



4 . 4 ; whilst on further heating in open vessels or in a stream of air this anhydride 
sublimes in pearly scales—this enables it to be obtained in a tolerably pure state. Water 
dissolves it in small quantities—namely, 1 part requires COO parts of water for its solution. 
The hydrates of molybdio anhydride are soluble also in acids (a hydrate, It 

obtained from the nitric acid solution of tho ammonium salt), which forme one of their 
distinctions from the tungstic acids. But after ignition molybdio anhydride its insoluble 
in acids, like tungstic anhydride; alkalis dissolve this anhydride, easily forming molybdates. 
Potassium bitartrate dissolves the anhydride with tho aid of heat. None of the sold® 
yet considered by us form so many different salts with one and tho same base (alkali) a* 
molybdio and tungstic acids. Tho composition of these salts, and their properties also* 
vary considerably. The most important discovery in this respect was made by Margue¬ 
rite and Laurent, who showed that tho salts which contain a large proportion of tungntlo 
acid arc easily soluble in water, and ascribed thin property to tho fact that tungstic acid 
may be obtained in several states. The common tungstates, obtained with an ©xrwi of 
alkali, have an alkaline reaction, and on tho addition of sulphuric or hydrochloric amid 
first deposit an acid salt and then a hydrate of tungstic acid, whioh fa im.nluMo both In 
water and acids; but if instead of sulphuric or hydrochloric acids, wo add acetic or phos¬ 
phoric acid, or if the tungstate be saturated with a fresh quantity of tungstic acid, which 
may be done by boiling the solution of the alkali wit wife the precipitated tunplk sold, 
a solution is obtained which, on the addition of sulphuric or a similar acid, tot* «o& 
give a precipitate of tungstic acid at the ordinary or at higher temperatures, The eolation, 
then contains peculiar salts of tungstic acid, and if there be an excess of add It alocr 
contains tungstio acid itself; Laurent, Riche, and others called it nuiiaiun^.-ttie arid, and 
it is still known by this name. Those salts which with adds immediately give the {» 
soluble tungstio add have the composition ItjlVO*, RIIWO4, whilst those which give 
the soluble metatungstio add contain a far greater proportion of the add tleimmie* 
Scheibler obtained the (soluble) motatuogstio acid Itself by treating fee soluble Wiuro 
(meta) tetratungstate, BaO,4WO s , wife sulphuric odd. Subsequent reee&rch showed fee* 
existence of a similar phenomenon for molybdio acid. There ii no doubt that this is a 
case of colloidal modifications. 

Many chemist^ have worked on the various salts formed by molybdio and tungstio 
acids. The tungstates have been investigated by Marguerite, Laurent, Marigimo* 
Biche, Scheibler, Aiifeon, and others. Tho molybdates wore partially studied by fee 
earn© chemists, but chiefly by Struve and Svanberg, Bdafontalne, and other*, U apjvfare 
that for a given amount of base the salts contain one to eight equivalents of nudybdle m 
tungstic anhydride; i.e. If the base have tho composition RO, then the highest pKquirtioo 
of base will bo contained by tho salts of tho composition ROW 0 5 or ROMoO^— tlmi in, by 
those salts whloh correspond with tho norjrhal acids ll^W () 4 and IL,Mu 0 4l of th«> i*im« miturw 
os sulphuric acid; but there also exist salts of fee competition UO,ttWo 3 , t«* # HWO a 
R0,8W0j, Tho water contained In tho composition of many of tlu; mid «&1U In oft* 11 
not taken Into account In fee above, Tho properties of fet salts bidding different pro* 
portions of acids va*ycd»sid*rably, but cm salt may bo converted tot© another fey tho 
addition oiaeia or base wife groat facility, and fe© greater of 

of fee add in a salt, fee more stable, within a ecrfida Kmlt, Is It» «dutl« taA fet 
itself. 

The most oommou ammonium molybdate bos fee composition (Np 4 II0) to f ! t 0,f ifoCL, 
(or, according to Marignao and others, NH4KM0O4), and It prepared by evaporating m 
fcmmoniacal solution of molybdio add. It is used in fee laboratory for prndidmim 
phosphoric acid, and is purified for this purpose by mixing It# solution with a small 
quantity of magnesium nitrate, In order to precipitate any phosphoric ttid present, fUfe*. 
iwg, and then adding nitric acid and evaporating to dryntm A pure frmroattfpq mhb* 
dato fee© from phosphoric acid may then bo extracted from fee fifels*, 

Phosphoric acid forms Insoluble corapctmds wife the of wmffffl ima Im* 

tin, bismuth, dr©,, having feeble basic and mm acid popiKtlM. TMm 


on tho fact that the atoms cf hydrogen in phosphoric acid aro of a very i 
character, as wo saw above. Those atoms of hydrogen which aro replaced with c 
by ammonium, sodium, &e„, are probably easily replaced by feebly enorgo 
groups—that in, the formation of particular complex substance# may bo exp 
take rlaoo at the expense of these atoms of tho hydrogen of phosphorio acid 
otr&am feeble metallio acids; and these substances will still bo acids, beer 
hydrogen of the phosphoric acids and metallic acids, which in easily replaced by 
is not rtsmovod by their mutual combination, but remains in the resultant coi 
fJueh a conclusion in verified jn the phoiphmnolyhdia acids obtained (1HBH) by 
If a solution of ammonium molybdate be acidified, and a small amouut of a suit 
may be acid) containing nrthophonphorie add or its salts be added to it (io that t 
at least 40 part* of molybdie acid present to 1 part of phosphoric add), than after 
■of twenty-four hours the whole of the phosphoric acid is separated at a yellow pm 
containing, however, not more than 8 to 4 p.o. of phosphorio anhydride, about I 
ammonia, about 00 p.o. of molyhdio anhydride, and about 4 p.e. of water. The io 
of thif precipitate it bo distinct and m complete that this method it employed for 
eovery and separation of tho smallest quantities of phosphoric acid. Phosphorio t 
found to bo present in tho majority of rocks by this mtumii. Tho precipitate in 
in ammonia and its salts, in uikalin and phtmphat.es, but in perfectly insoluble I: 
•ulphuric, and hydrochloric acids in tho presence of luunundum molybdate. The 
tition of tho precipitate appears to vary under tho conditions of its precipitation 
JOfttnr© became clear when tho add corrospcmdlng with it wan obtained. If the 
dtatoribed yellow precipitate be* boihwl In aqua regia, tho ammonia in dontroy 
m add is obtained in solution, which, when evaporated in the air, crystallises out I: 
oblique prisMfl of approximately tho composition P 3 O 4l a0MoOs,fiftH y O Such an < 
proportion of component parte in explained by the abovivmimthmed eonddorathn 
fiftW above that molybdie acid easily gives salts TtjOKMoCVnlhjO, which we may i 
to correspond to a hjdrato MoO y (lIO)|nMoO;}tnH ,0. And jmpjvwio that finch a 
reacts on orthophoaphorio acid, forming water and compounds of tlm com] 
MoO-d III'(> 4 ) a M t»(.);>;*HjO or Mtd) t ,(lf.jPf) 4 )piMolVpn H>,0 ; thin in actually tho c 
tion of phoiiphomolyhdirs add. Probably it contains a portion of the hydrogen rep] 
by metals of both the audit H4BO4 and of II^Moth* The crystalline acid s 
probably H,tM«PO|,0MoO 3 ,19lI-/>. Thin add in really tribasic, bemiutm lift i 
solution precipitates mils of pofcwwlum, ammonium, rubidium (but not litbh 
•odium) from add solutions, and givni a yelfaw precipitate of tho corn] 
BjMoPO r ,9Mo() tl HH), where B m Nil*. Besides these, Halts of another comj 
may be obtained, as would b© expected ftora th« pwsuadlng. Theae salt# aro milj 
In add solutions (whloh is naturally due to their containing an axoass of add « 
whilst under the action of alkalis they glf% mkmrtem phosphomolybdates at the 
ittion B > jMoP0. 1 ,Mo0. i ,8ll 3 D. The corresponding salts of potassium, dlvor, amni 
are easily soluble in water and crystalline. 

I'hesiphunudyhdic acid i«i an example ef the complex 1 ittoryunic acids Unit 
bv Maritime and afterwards generalised and studied In detail by (hblrn. W 
afterwards meet with several examples of each souls, and wo will now turn alien 
the fact ihnt they are wmally f»»rm*«l by wrtik i»olybai»in acids (boric, silicic, lie 
&€.)» and in certain roiqmcte resemble the cobalfcm and such similar complex ©omj 
with which wu shall become acquainted in the following chapter. As an example 
ten mtntten cartel** complex compounds* containing molyhdic aud tungstic acids, 
wll fHuntmt# th« poatibilHy of a condtkrabl© complexity la th* composition o 
Th« action of ammonium molybdate upon a dilute eolation of purpuw^eobaltio m 
C hapter XXII.) acidulated with aealle add j§I?«i a salt which after drying at !IMI a 1 
composition Co/'^UlNHjlMoOillIfO, After Ignition this salt laaviui a residue Imv 
composition UCo 07 Mo() n , An analogous compound la also obtained for tungstic arid, 

OOfSpOftiUon Co/^teNM-ilOWOjillaQ. In this otm after ignition there remain 
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this forms the means of obtaining metallic molybdenum 


of the composition CoOSWO s (Carpbt, 1880). Profuaaor KotimakofT, by trr 
potassium and sodium molybdates, containing a certain amount of snltox 
bromine obtained salts having tho composition: 8Kt0Co tf 0 5 12Mo0 3 20 
andSKaOCoaOjlOMo^lOHjO (dorkgreen). Pochard (1H08) obtained suits© 
phosphotungstio acids by ovaporating equivalent mixtures of solutions t 
and metatungstic acid (see further on): phaspho&rimotatungatio acid I* 
phosphotetramef atungatio acid FaO$16WOjfiUHgO, phosphopemtarr 
PaOaSOWO^HijO, and phosphohoxometatungstio acid Pj,Oail4WO»59l3 
and Frankol doscribod still moro complex salts, such os: 8Aga04BaC 
CBa02K a 0P fl 0 5 22W0 8 4bn a 0. Analogous double salts with 22 WO* w< 
with KSr, ICIIg, Ballg, and NU^Id). Kohrmann (1BU2) Gomudom I 
obtaining an unlimited number of such salts to bo a g< moral chantehT 
pounds. Mahom and Friodhoim (1B02) obtained compounds of tiimib 
inolybdio and arsenic acids. 

For tungntio acid there aro known : (1) Normal salts —for nx.unph*, 
eo-callcd acid salts havo a composition like 8K d <>,7\V< >«,<'.! b d < > or K tl ! l tl ( 
the tritungatatos liko NsqO^WO s^If.-g) m >. All iltoi 

colts arc soluble in water, but ate precipitated by barium chloride, and 1 
tion give an insoluble hydrate of tungstic add*, whilst thews mlfa# whid 
below do not give f precipitate either with aoidc or with the salts of Umi 
cause they form soluble salts even with barium and lead. They aro gone 
tungstates. They all contain Water and a larger proportion of and «•! 
preceding salts; (4) tho totrutmigstatiai, like NaO,iW< ) 1s 10lL/ > and I Uv 
example ; (B) tho ootntnng»tatoN—for example, Nu J < \HW< > ai 2il ! g * ». Pn 
states lose so much water at 100° that they leave finite whoso ctmipus 
with an acid, 81I a O,4'WO r ~that is, H rt W 4 0, ^whilst in tho met* §*11* 
aro replaced by metals, it i§ assumed, altliongh without much grmtntl 
contain a particular soluble met&tungstio acid of the eompaiiititm H*W, 
v Ab on example wo will give a short dasoriptinn <tf tho sodium a* 
celt, N&aWO^is obtained by beating a strong solution of sodium oarltmi 
jidd to a temperature of 80°; if tho solution bo filtered hot, it eryeta 
tabular crystals, having the composition N%W( which remain 1 

air and aro easily soluble in water. When thin celt fy fused with m 
tungstic acid, it gives a dltungstate, which h§ soluble in water and a 
solution in crystals containing water. Tho game calt iu obtained tij 
hydrochloric acid to the notation of the normal salt tsu long an a pn« 
appear, and tho liquid still Inm an alkaline reaction. Thm suit w«-» 
havo tho compomtion Na.|W. <t O ? ,4Uy(), but it ban mure bo,.u found . 
NaoW^Oa^lhlLjO—that in, it eormqtitnda with the siimhur salt *4 m 1)! 

(If this salt be heated to a rod heat in a alruam of hydrogen, It h*»*i. 
oxygon, acquires a metallic lustre, and turns a golden yellow colour, 
treated with water, alkali, and acid, \mvm gulden yullcw kallol* and 
very like gold. This very remarkable robfUnoo, diaoowiwl by WliHUi 
to Malaguti’i analysis, the composition Na^O# j that, is, it, m it 
double tungstate of tungsten oxide, WO* and of sodium, Na^Vo t< 
decomposition of the luted sodium salt is best effected by finely d© nb- 
stance has a np. gr. (VO; it conducts electricity. like metals, ami him tb* 
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Both metal* arts infusible, and both under tho action of heat form 

SUfthydrmm, ftpitrinjcly imltihte tetmlttiigtlitte, Na a W0 4 ,8W0 s# which, wtiisii litiatwl at ISO® 
lit ii ctoiHitl tube with w*iil#r, |iiww«« Into an easily nnltthfo nwliil«iig«lali% ll may th<*r#« 

far® Im ttnid tl»l Urn matetuniptetes §,» hydrated mnjtatintl*. On boiling m notation of 

H» t*tl» «f aodium with th« yallitw hydrate of tiinguftts arid tinny give 

& tudutinn of ffmiaiuitg*itrtte, which in ih# hydrated tetr»tung«irtte. lla crystal® cumfcuhi 
After tho hydrate of tsiug«ti«? iuoir| from the ordinary fling* 

itat«ff by proeipitatimt with tttt acid) l«i» a btis*g limit in &mtmi with a sudution (hut 
m cold) of mail urn tuugnlate, st given a Holutimi which i« not prfseifdtated hy hydrochloric 
acid; thm tmmi he filtered and evaporated ovar itiljihwrki acid in a thmnmdnr {st, in d«* 
cmn|«»i««i hf htiiliug). ft first form® a very dmnm wdutfrm (aluminium floate in it) of 
tp. gr. IK), ami octahedral rryilaJs <»f iadimm m§tMmg$ini^ N%W 4 0|*|Wff a C) > *§i, jp?* 
H'fCi, then separate, It. klliifeitmt awl hint* water, ant! *1 ItHf 1 only two out of fch© 
Inn otjuivahmtt of water riieiMii, but tit# propeiilt® of lliu Mil remain unaltered, If the 
•nil bn deprived of water by furthest hmtiag, 14 btootati i&MlubUa At th# ordinary 
temperature on# p®xfe of water dimtdvm ten {Hurt# of 4b« motefctui^tete. Tho othor 
mciatungylnte* aws «»ily obtained from thin tall. Thua a strong and hoi notation, 
mixed with §. hko notation of barium rhlortd#, givea on cooling crystal*) of barium mote* 
tungstate, BaWdh.i.ldhjO, TUcnn cryntulu am drowlved without change in water cun* 
toitimg hydrochlnim and, and it Inn m hot water, hut they urn partially ih;rumpns>« d by 
cold water, with the formation of a notation uf motiliungntus arid mid at tho normal 
barium null UaWO*. 

In order to explain tins difitnmeo in th# proportion of tbomdU of tungstic add, m 
may add that a mixture of a Dotation of tnngvtio acid with a.solution of aUieio acid d*m 
not coagulate when boated, id though th« niltelo mUl aka# would do toj thi» it dm Id 

the formation o! a gilimlungiitio acid, iliawvtrod by Martguft#, wliloli fWMinla ft 
oxamplc of a, ciuplcx and. A aolutmn *d a tungatehi g«,ikHa«Ui ailioft, Juiit « 

il dni'is |:«dftlm*iU'j tuug«t»c and, and when ovapnrah’4 a eryiitalliim ittlfe of 

mht’njiiiiijsitH* and, 'i hrn mdutinn in mil precipitated iiitlior by wtndu (a clear aniilngy te 
Him motetungMateii) t«r hy milptuindted hydrogen, ami cornifspomla with a m^hmi nf aid la, 
Titoati null a t nfttum «>im < «|nmih*t»l of when, and ll mjuivah utu of hydrogen or iimt^Iu, m 
4li« name form »u m aaltd, to l*i or Its ©<ittivatentH of timgidia awhydtnte ; for ciaiiiphi* 
Hi*i rryatolime |totaa»tum mil hm tho m*iu|w»«»tioii K|jW|. | Bitk ts i4ll,|0<''* 4lC a thXUWUji 
h Arid »»ltii aro ulm> known in which bail at 4h*i metal ia jrej»lsu?cd by 
hydrogen. The roni|»!e*ity of tlwi ciiiis|w«itiiin of attcli €ont|itei acidtt (for «i*aiis| 4*\ of 
llw p!io«|tlifif!i<i!yi*i|jc mui) mvolimtardy lti«Ii te i\m idea of ladymonwiUon, wlueb w# 
wem nblifwt tti rocogniiHi for adma, b«l uitite, and otlnsf coBijHitiiwte. Tliii tydymmimt* 
%km, it «m#ma to »#, itmy Im t»iti*i»feu«l Atii i «. Iifdmte A (for luagstla mid) 

Im e4fi»i»I® uf «>ifiliitil«ig with a hydrate B (for »ili4» m |il$«a|ilwfie ifcdd, with 

m wifliwiil 4b# tli»*ngii|f»iiiPiit of water), and by tmwn of thin fucully it k of 

|i«4vi»* ru«i.tini*«~tha4 is, A wiitbiiioi with A “^mtirbino» with ihM»lf-"jtist iwi aidchyite, 
C-^Hpbi-r the cyanogen mn»|inusid# me nblii to cniiihi»« with hydrogen, mygen, Ac , 
and ufil hfttde t • J h, in* i itsidl <11. (^*1 shift view III*’ tliolecuitu of tuii|*st» il* id ift |.r* lifttdf 

inns Ii m*<m«■ mph % ilmn we tupres^ut it, il«« WiUi tho i.duld*?) *d *mt it 

C«ifipni«»<l4 tii« i bh>mnhydnde», CrthCif, M*d)jClj, lh« an»h^*4e4 »*! the i,nUtd*» 
•ttl}*liwf|i kih rid‘% tui (*!|, and with lh« i»on«voiatdity, or chilinuli v*4atihty, of clu.ftum 
anti iitkyttitl© til** aimlngumi td Urn v niaUki «til|d*urio aidiydndo. Ikirli a 

wkw obi# fiii’ls a ooutimiatutu in the made tiy t Irahaiu «» iiw colhiitkl 


renders the latter ductile and hard).* Molybdenum forms a grey pov 
which scarcely aggregates under a most powerful boat, and has a sp< 
gravity of 8*5 It is not acted on by the air at the ordinary lemj 
ture, but when ignited it is first converted into a brown, and then it 
blue oxide, and lastly into molybdio anhydride. Acids do not act 
—that is, it does not liberate hydrogen from them, not even 
hydrochloric acid—but strong sulphuric acid disengages sulphr 
anhydride, forming a brown mass, containing a lower oxide of m< 
denum. Alkalis in solution do not act on molybdenum, but when 1 

has a bitbor, astringout tasto, and does not yiold g<*lathimn tungstic add (hy*l 
either whom hoated or on the addition of acids or wilts. It may also ho mupoi-.il 
drynoss; it thou forms a vitreous mans of the hytlxosol of tumjatir aritt, which ml 
strongly to tho walls of the vessel in which it has been evaporated, and i« p«r 
soluble in water. It does not even low its solubility after having Iwmi heated it* 
and only beoomeA insoluble when heated to a red heat, whoa it loses about S| | 
water. The dry add, dissolved in a small quantity of water, forms a gluey maw 
like gum arabie, which is one of the representatives of the hydmtote *>f ool 
substances. Tho solution, containing 8 p,o of the anhydride, hm a ip, §pr. of 1047 j 
SO p.o., of 1*217; with 50 p.o., of 1*80; and with 80 p.c,, of 8*24. The pmonci 
polymerisod trioxido in tho form of hydrate, n./>W 5 <\j or H s l)4\Vd; # mint th 
recognised in tho solution: this is confirmed by Hubam»cf!’a cryosieopio ihdermim 
(1880). A similar stable solution of molybdio acid is obtained by the dialyai* 
mixture of a strong solution of sodium molybdate with hydrochloric acid (the preei 
whioh b formed is re-dlasolved). If Mod* be precipitated by ammonia and wsjtha* 
water, a point is reaohed at which perfect solution takes place, and the molybdio 
forms a colloid solution whioh is precipitated by the addition of ammonia (Mutlui 
The addition of alkali to the solutions of tho hydrosols of tungstic and molybthc 
immediately results in the re-formation of tho ordinary tungstates and uudyb 
There appears to be no doubt but that tho some transformation is wcomplitihml i 
passage of the ordinary tungstates into tho motatungstatoa as takes pleco in the pi 
of tungstic acid itself from an insoluble into a soluble state; hut this may W 
actually proved to be the case, bocauso Scheiblor obtained a solution of tungetlr 
before Graham, by decomposing barium motatuugstato (ItaOiWO^uHjO) with nulj 
aoid. &y treating this salt with eulphurio add in tho amount required for th* pi 
tation of tho baryta, Scheiblor obtained a solution of motatungatio arid which, 
containing 43*75 p.o. of acid, had a ®p. gr, of 1*884, and with *i?*<U p.o. a »p, gr. of V 
that is, specific gravities corresponding with those found by Graham. 

Pochard found that as much heat is evolved by neutralising metaiungttio a 
eulphurio acid. 

Questions connected with the metamorphoses or modifications of tungetb 
molybdio acids, and th© polymerisation and colloidal state of suUtanoes, as well 
formation of complex acids, belong to that class of problems the solution of 
will do much towards attaining a true comprehension of the mechanism of a iium 
chemical reactions. I think, moreover, that questions of this kind stand in intisnat 
nootiQn with tho theory of the formation of solutions and alloys arid other m^lhd 
finite compounds. 

® Moissan (1898) studied tho compounds of Mo and W formed with carbon 
eleotrical furnace (they are extremely hard) from a mixture of th© anhydrides and m 
Poleok and GrUtwaer obtained definite compounds FeW # and F*W t O» tm 
MefcallioW and Mo displace Ag from its solutions but not Pb. There is mmm fur Iwli 
Jthat the sp. gr. of pure molybdenum (s higher than 'that (8*0) generally ascribeil 


with it hydrogen is given off, which shows, as does its whole cl 
the acid properties of tho metal. The properties of tungsten ar 
Identical; it is infusible, has an iron-grey colour, is exceedingly 
that it oven scratches glass. Its specific gravity is 19*1 (aoco: 
Boscoe), eo that, like uranium, platinum, &e., it is one of the ! 
metals. 9 bla Just as sulphur and chromium have their corros 
peraulpliuric and porchrouuc acids, ITgSgOg and II a CrO B , ha\ 
properties of peroxides, and corresponding to peroxide of hydr 
also molybdenum and tungsten are known to give permdybdk i 
tungstic acids, H a M0 a Og and II a WgOy, "which have the properties 

E eroxidos, t.e. easily disengage iodine from KI and ehlorino fro 
wily part with their oxygen, and are formed by A© action of | 
pf hydrogen, into which they are readily reconverted (lienee tl 
jbo regarded as compounds of ILjO.j with 2MoO$ and 2\V0 3 ), ike. 
formation (Boerwald 1884, Kemmorer 1891) is at onco Been 
coloration (not destroyed by boiling), which is obtained on ru 
solution of tho salts with peroxide of hydrogen, apd on treating 
stance, molybdio acid with a solution of peroxide of hydrogen (1 
1892). Tho acid then forma an orange-coloured solution, whi< 
evaporation in vacuo loaves MO|lI a 0 8 4H s O m a crystalline 
and loses 41L/) at 100°, beyond which it decomposes with th< 
iion of oxygen. 9 trl 

Uranium , U«=240, has tho highest atomic weight of 
analogues of chromium, and indeed of all the elements yet knov 

"We tmy conclude our donoriptiou of tu tighten and molybdenum by ut 
their imlphur oompuundu have «i acid character, like carbon bisulphide or at 
phid*. Xf aulphuretted hydrogen be ihuhmxI through a nolutioa of a mnlybdt 1 
not give a precipitate uuhmtt tulphurlo add bo present, when a dark brown pr« 
wmfybdmum ttvmlphids, Mc»%, i» formed. Whan thin sulphide it Ignited with 
of air itglves the bbul|»hide M©H tf ; the tetter k not able te combine with pot&tslun 
like the teiimlphidt MoB*, which form* a unit, K*Mo84, oorreaponding with 
This is eolubte In water, and separate# out tea its solution in rod oryntalo, whi 
metallic lustre and reflect a ■green light. It in easily obtained by heating t 
bihulphidc, MoH a , with potash, jnulphur, and a amid! amount of clnuvoul, whn h 
dcoxidnung the oxygen <'omi>oui>th. Tunguti n given eiimlar oompoumU, ilj\V 
ii Nil j, K, No. They »uo deeomponed by hcmIm, with the Reptuateui of tuisga* 
phsde, WH5, and molybdenum tmulpludo, MuB 8 , Eidiml (1HPU) obtained W.^Na t 
WO A tn Nit*. Tin* compound exhibited tho general properties of mnteUiu utl 
* m When peroxide of hydrogen note uj«m a notation of potawuum xuulyh 
formed yellow aryntate belonging to the Iridinio uyatem eepiurate out in Hw eat 
th*M» enratels are hutted in vacuo they find ton© water anil Item d#»«tit»m 


Although it gives sparingly-solublo yellow compounds with alk 
•which fully Correspond with the dichromatos—for example, 
jsrlSfaaO^XJOa, 10 -—yet it more frequently and easily reacts with acids,’ 1 
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Solution of peroxide of hydrogen for several minutes. The solution rapidly tin m >< 
and no longer gives a precipitate of tungstic anhydride when treated with ml no 
When evaporated in vacuo the solution leaves a thick syrupy liquid from winch 
crystals separate out: these crystals are more soluble in water than the salt on#* 
taken. When heated they also lose water and oxygen. Their eompmilum mwu 
the formula M 2 W u 0 8 2H a 0, where M * Na, NH 4 , dro. Tho perimdybdatei* urn! 
tungstates have similar properties. When treated with oxygen acids t*n'y 11*' v V* * 
of hydrogen, and disengage chlorine and iodine from hydrochloric acid and poU> 

iodide. * 

PiCcini (1801) showed that peroxide of hydrogen not only combines with tho 
compounds of Mo and W, but also with their fluo-colupuuwK among which ammo 
fluo-molybdfttoMoOaFj, 2NH 4 and others have long been known. (A frw new mi’ 
similar composition nave been obtained by F. Moureu in IMIS.) Uhn action of i«>* 
of hydrogen upon these compounds gives salts containing a larger amount of oiygei 
instance, a solution of MtoO,F^XFH,0 with peroxide of hydrogen gives fc ^ihtw 
tion which after cooling sepiratei cut yellow crystalline flakes of llf\ t\ 

bling the salt originally taken in their external appearance. By employing a simitar ittn 
Piccini also obtained: MoOaF^Bbl^H'jO—yellow monoelimo crystals; Muf I,!■ 

—yellow flakes, and tho corresponding tungstic compounds. All tlm.-o willa to »r 
peroxide of hydrogen. 

In speaking of these compounds I for ray part think it may wrll t*» call nit#’ 
to the fact that, in the first place, the composition of Fiemm'a oxydlun eyitt|ii|i»iisbi 
not correspond to tliat of permolybdio and pertungati© acid. If the tetter tw e*pr 
by formulae with one equivalent of an clement, they will hi HMeO* and HWU t) mi 
oxy*fluo form corresponding to them should have the composition lloOjF and V 
while it contains M0 3 F a and W0 3 F 2 , i.@. answers as it were to a higher degree of t 
tion, MoH a O* and W HO s . But if permolybdio acid b® regarded fc* i M, < 

as containing the elements of peroxide of hydrogen, then Ftadni's con»|w»ii4 will al 
found to contain the original salts+ H 9 0; for example, from. M«0*F 3 UKFif^O tin 
obtained a compound MoO. J P a ‘2KFHjt) a , iu, instead of H 9 0 they contain If/)^ 1 
second place the capacity of the salts of molybdenum and tungsten to retain a fi 
amount of oxygen or II a O a probably bears nemo relation to their pn>j*crty *>f giving 
plex acids and of polymerising which has been considered in Note n bn, Tin 
however, a great chemical interest in tho accumulation of data r*^p« * f u?i: 
peroxide compounds corresponding to nmJybdio ami iuiigniio unite, With r^gntd i 
peroxide fdhn ©! uranium, Chapter XX., Note flfl. 

10 Uranium trioxide, or uranic oxide, shows its fe®W® taste Mil 
great number of its reactions, (1) Solutions of uranic tilt* gift yellow precipitate ■ 
alkalis, but these precipitates do not contain the hydrate of the mid*, tint eompetM 
it with bases; for example, &U0 8 (N0 5 ) 9 +flKHO-4XNO a + KaD A- Tlmt 

other urano-aXkaH compounds of the same constitution \ for tt* ample, (Nil,), 
(known commercially at uranio oxide), MgU a O ? , BaU a C>|. They are tho anahigttea 
dichromates. Sodium uranate is the most generally used under tin* name «»f tm 
yellow, NajU^Oy. It is used for imparting the charaeteriittra yellow gn>«m tmt t* 
and poroelain. Neither heat nor water nor acids are able hi extra* t ilm *Ui*h 
sodium uranate, Na a Uu0 7) and therefore it is a true insotubfo suit, id a yedtow coloii 
dearly indicates the acid character (although fcoble) of uranic oxido, |‘i| Tt» mth 
■of the alkalimi earths (for instance, barium carbonate) precipitate tMWtfo oshln f« 
salts, as they do all ths salts of feeble base#} for example, K 4 0 j, (I), The ttiknim 
bomte*, when added to solutions of urpdo salts, give mkkk i$ mfn 


CHROMIUM, MOLYBDENUM, TUNGSTEN, URANIUM, E*] 


forming fluorescent yellowish-green salts of the composition 
end in this respect uranic trioxido, U0 3 , differs from chromic ai 
Cr0 3 , although the latter is able to give the oxychloride, CrO- 
molybdenum and tungsten, however, we see a clear transit 
chromium to uranium. Thus, for example, chromyl chloride, 
is a brown liquid which volatilises without change, and is co 
decomposed by water; molybdenum oxychloride, MoO^CLj, it 
tallino substance of a yellow colour, which is volatile and s< 
water (Riomstmncl), like many salts. Tungsten oxychloride, 
stands still nearer to urarnyl chloride in its properties; it form 
scales on which water and alkalis act, as they do on many si 
chloride, ferric chloride, aluminium chloride* stannic chloride, < 
perfectly corresponds with the difficultly-volatile salt, XJ0 a 01 3 ( 
by Peligot by tfye action, of chlorine on ignited uranium diox id 
which is also yellow and gives a yellow solution with water, lih 


{m excess of the n>afj>tnt t Mid particularly so if the acid oarlxmates be take?! 

to the tact that (4) the uranyl salts fa til y form doubh mlts with the Kt 
alkali metals, including the flulfcsof ammonium. Uranium, In tee form of th 
•alts, often gives salts of wclhdefinocl crystalline form, although tee simple tab 
prone to appear In crystals. Such, for example, are the salts obtained by dfrwoh 
slum uramtte, K 9 U.jO ? , in acids, with tee addition of potassium talU of the s 
Thus, with hydrochloric acid and ixitinisium chloride a well-formed crysfct 
K*,(UO.jn 4 ^H,0, belonging to the monocUuio system, hi produced. This si 
potea in dissolving in pure water. Among those double salts we may nn 
double carlmnate with the alkalis, R 4 {UU v )(C0 5 )j, (equal to ‘lltjCO.* } UO B 
acetate!*, R(U<> a )(C a IIf or instance, the sodium salt, Na(U0. 4 }(U.gH|iC 
potassium salt, K{UO., r HC li H ?s tbb.I4(>; thn sulphates, iytK\K80 4 ) 5f 3H a 0, & 
preceding formula li K, Na, Nib, or lit *• Mg, Hu, Ac. Thit property 
mmparatkmly stahU doubles tali* indieptm fmhly dmmhped kmo property 
double suite are mainly formed by salts of distinctly haute mutate (these form, 
the basic element of a double salt) and suite of feebly energetic bases (these for 
element of a double salt), Just m the former also give add salts{ the add c 
•alts li replaced in the doable salts by the unit of the feebly ©wogttte base, < 
water, belongs to the elans ©! intermediate bases. For ibis reason barium 
give double aalte with alkalis at magnesium does, and this is why double 
more easily formed by potiuwinm than by lithium in the scries of the alki 
(5) The moat remarkable property, proving Urn feeble energy of uranic oxide at 
•eon in the fact that when their cotiqtoltitiou is compared with that of other md 
timnie oxide always appear a* basic Matin. It is well known that a normal 
oommjHOulM with the oxide U,<> 3 , where X** Cl, Nt%, A c.,or X a Bltero-,, Ac. 
also exist bank? suite of the same type where X *■ HO or X a «*» (). We saw s 
kinds among the salts of aluminium, chromium, and othem, With tirante oxi 

aw known of ib* typos UX$ (UCl fl , tl(80 4 ) 3l slums, drc.,*** m% known), not < 
v. tfov ik ...u- nmm v 
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salts U0 2 X 2 . The property of uranic oxide, U0 3 , of forming i 
UO s X 9 is shown in the fact that the hydrated oxide of uran 
TT0 2 (H0) 2 , which is obtained from the nitrate, carbonate, and o 
salts by the loss of the elements of the acid, is easily soluble in a* 
as well as in the fact that the lower grades of oxidation of uranium 
able, when treated with nitric acid, to form an easily crystal!!* 
uranyl nitrate, U0 a (N0 3 ) 2 ,6H a 0 ; this is the most commonly occur 
uranium salt. 11 

Uranium, which gives an oxide, U0 3 , and the corresponding 
U0 2 X 2 and dioxide U0 2 , to which the salts UX* correspond, ii ra 
met with in nature. Uranito or the double orthophosphate of «n 


11 Uranyl nitrate, or uranium nitrate, oryst&liises frnm Us i 

tions in transparent yellowish-green prism* (from m acid Dilution), min tabular cry 
(from a neutral solution), which effloresce in the air and are cattily soluble in vr 
cdoohol, and other, have a Bp. gr. of 3*8, imd.fu*§wh©nhmtdd,lmltif nltrle acid and u 
in the process. If the wit itself (Berselius) or Its alcoholic solnthm (M«Ji§fttii 
heated up to the temperature at which oxides of nitrogen are evolved, there then ram 
a mass which, after being evaporated with water, leaves uranyl hydroxide, UO*0 
(sp. gr. 5*98), .whilst if the salt be ignited there remains the dioxide, tft> 2 , m a briel 
powder, which on further heating loses oxygon and forms the dark olive 
oxide, UjOg. The solution of the nitrate obtained from the ore in purified in the full. o 
manner: sulphurous anhydride is first paused through it in order to rodueo the nr« 
aoid presont into arsonious acid ; the solution is then heated to tm\ anil #ulpli«rc 
hydrogen passed through it; this precipitate the lead, arable, and tin, mml vm 
other metals, as sulphides, insoluble in water and dilute nitric atdd. This litjuid is 1 
filtered and evaporated with nitric acid to crystallisation, and the crystal* are di**o! 
in- ether. Or else the solution is first treated with chlorine in order to convert the fori 


chloride (produced by the action of the hydrogen sulphide) into ferric chloride, 
oxides axe then preoipitated b f ammonia, and the resultant precipitate, cxmlaiititt# 
oxides Fe-iOjjjUOj, and compounds of the latter with potanh, lima, ammoni*, and n 
bases present in the solution (the latter being due to the property of umiii© 
combining with bases), is washed and dissolved in a strong, »Ugh^y>h«aM piIuWii 
ammonium carbonate,.which dissolves the uranic oxide but not the ferric oxide 
solution is filtered, and on ooolmg deposits a wtdbcrystalhstng uranyl itmtH&Hiuw 
donate, UO^NHJ^COah, in brilliant mouooliniu crystals which on t’Vjwuiura to atr »K 
give off water, earbonio anhydride, and ammonia; th« mum den imposition t» tm 
©fleeted at 800®, the residue then consisting of uranic oxide. Tim «dt m not very »*4t 
in water, but U readily so in ammonium carbonate; it is obvious that it may rwhlj 
(xmverMd into ali the other salt* of ©xl<4#t of nrwimm, Uranium wiStn an aim tmrt 
to «h* tam rfaMtaK rtloh la wj fflarlngly »taUe, and ii thw»f.„ n dtoetly ,.r» 
tetod from o. atrongaolution of the nitrate by mixing it will. Metis iM. 

We ahyato mention the uranyl pkoyhuU, HUPO,, which mu»t I* mwM «, 
orthopWph.teto whloh two hydrogens are replaced b, the redid, ttraiiyl, 00 , , 
H(W; TW» «lt it tamed e> e hydreted gelattnoua yellow imwipiMa, m ini. 
a eolution of uranyl nitrate with dleodinm phoephate. The pr*d|.itali,.n favours in 


it with charcoal in a stream of chlorine. He thus obtained a 

uranium tetrachloride » UCl*, 18 which, when heated with sodiu 

** Uranium dioxide, or uranyl t IIO , which'is contained in the B&lts XJC 
the appearance and many of the properties of a metal. Uranic oxide may bo roi 
•uranyl oxide, (110^)0, tit salts a» nalUof thin uranyl; its hydroxide, (UO^IfyOy, 
tniiid like UallyOjj. The green oxide of uranium, uranono'uranic oxide (eaiiily for 
uranic Halts by the low of oxygon), tJ 5 0 8 ^lJ0.^*iU0 3 , when ignited with eh 
hydrogen (dry) given a brilliant crystalline snbstanc# of ftp. gr, about 11*0 (Urlau 
Appearance resembles that of met«d% and decomposes nimtn at a rod boat 
evolution of hydrogen; it does not, howmir, dwxunposA hydrochloric or i 
add, but Is oxidised by nitric add, Th# *omfi nubittno® ( is . nmaium dioxldi 
also obtained by igniting th§ ©ompouud {UOjjKaCl* in a stream of hydrogen, i 
to th§ o^UAtlon UO|K g Cl 4 +Hj|-UOg+SHCl + iKCh It was At first regard* 
metal, In 1841 Pallgoi found that it contained oxygon, because carbonic o 
anhydride wore evolved when it waa ignited with charcoal in a stream of chlo 
from 27'i parts of the nubstancc which was considered to be metal he obtained 
of a volatile product containing 14/2 parts of chlorine. From thin it wan conc.h 
the mibntauco taken contained an equivalent amount of oxygon. As 14*2 parts ol 
Correspond with H2 parts of oxygon, it followed that 272-Si**S40 parts of nu 
combined in the substance with S3 {Hurts of oxygen, and Also in the chlorine e 
cbtfinod with 141 parts of chlorine. Thews calculations have Saar mode to 
accepted Atomic weight of aramum (U *» 340, $m Note 14). Peiigot took Aaotb 
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liberating hydrogen from acids, with the formation of giwm tin 
-salts, UX 4 , which act as powerful reducing agents. 11 

rated. Tho solution of uranous chloride in water is gio«m, U ii a!... torm* d 1 
action of zinc and copper (forming cuprous chloride) on a anlutum <4 itnm) 1 » Is 
tJO a Ch, especially in tho presence of hydrochloric and and ii.ibitmnn'jiiuc t Ntdtito 
uranyl salts are converted into urnnouii tialtw by the action of ir tuemp u 

And among others by organic substiuictm or by tho action of lighf, niul u lb*' mIi 
are converted into uranyl salts, UO.jX;, hy oxjinHuro to air or by i*\idnong #k* ni» 
tions of the green uranyl salts act as powerful reducing tig mb*, and a 1 » «u 
pitato of the uranous hydroxide, UH^L, with p«*U?»h and oiln r w!kalc», 1 to , b?,di 
is easily soluble in acids but not m ulknlni On igiofuni it d* • n n»«i f,>»m tb* . »,.{«• 
because it decomposes water, but wlum the higher oxob u of iiiammn mo ijooO 
•stream of hydrogen or with charcoal they yield iiiiuioo mid«\ It .ih it met th«> i Is 
UCl, dissolve m strong sulplumc acid, forming a piem ts»ih, IV-u », ,'.?1 f j * TIjw 
salt, together with uranyl sulphate, UO„(S(> 4 }, w fonued ah*n fh«* k* '**<.. m.|. , IP 
dissolved in hot sulphuric acid. Th« nalla t»bt»im>d is* the !au« i »*in 
separated by adding alcohol to the solution, which is left t*< ih»- hyhi, tli» « ! 

reduce® the uranyl salt to uranoue mlt, an mooum of acid Innng toqu.imt An ran 
•water decompose® this salt, farming a basic will, winch in at no «ntnd> pr*>4wc<.| 
•Other ehcumatanacB, and contains COIBcy/Jlt-jO (who Is r»*rro»pimda t,» thr mmm- 
u The atomio weight of uranium was formerly taken a* half the pr* : >wu! »»w>, it 
And the oxides suboxido UU, and giccu oxide U 5 0 4 , w«no»d the mum? type* * 

-oxides of iron. With a certain reuonibhuu-u to the element * *4 th« lum kJ'^V, «**» 
presents many points of distinction which do nut pcitnit U* being nomp-d wtih 
Thus uranium forms a very stable oxide, Uj0 3 (U * 4 WO), but %hm% n*4 «*%« tli« 1 
•spouding chloride U a Cl(j (Eoseoe, however, 1» Wt obtained UCL, hf*« Mm b and V 
And under those circumstance* (tho ignition of oxide of nraiistipt nutted w«tfe chare, 
a stream of ohlorim), when the formation of this compound might In? r*jwM, a 
^tJwlSM)) the chloride UCl*, which ia characterised by its volatility; Him i« «»4 « 
party, to such an extent, of any of tho bichlorides, HCl f , of the troii group. 

The alteration or doubling of the atomio weight of uranium—1 a. Hi# »«o^mt» 
XJ«240—' waft made for the first time in tlm first (Uusaian) edition of llii» mwkiWH 
in my memoir of tho same year m Liebig’s Anmtl?n t on ilw ground that with tut a 
weight 1‘iO, uranium could not be placed in the jmu uhIic ayntom* I think it will ti«t lw» 
fluoui to add the following remark a cm this nnlg«*ct ; (I) In th«? wthur gr<uij»» 1 H Ut, 
•Ca— Br-»Ba, Cl—Br—I)thuatiul rlnuracti’ruf tho uxidoitttocroa^ a»n>l th<nr l-***, it 
ter increases with tho rise of atomic weight, and timri uo %h »1 j, § i. 
®amo in the group Cr—Mo—W—U, and if fit u* U < h b” ii U « >4 

then wo iaAiid ftnda dfortwj® in thoir «ikl ©Siowitor, and thor^hu*? <u^>Mum i«,. 
XJO* should U a v«^ M9I0 «h|drid% but te Uah> |»f»jvrtlt» Ale^j h*;i 

loohlo. XJfaalo «ddi doot Wtod A®w A*•• pi»pirtliw, 04 w»» §mMmi »ui »!«»•»» { 
l#|. (t) Chromium and ito tlw «I«ki lt> 4 , mtm* !*#»« I’.mm gfm-'i 

KMddaUou B0t» wad tho ioma.la wsou la tpmultttiij it torma V ti ff t%n 
their compouudi. (I) Molybdenum 4 nd iuii|»t«ri, i» \mln% mdurod lit t l4 mmmi 
frequently give an iat^rmodiate oxidoof 4 Wan ootour, and umiittiin %\wm* tiw 
property; giving the to-mlM gr^n oxido which, •»#*.!!«* fei pmm.n% %■««#, 
be regarded m U S <V* UO f itI0 5 , anad^mi* to M«|fV (1) Th« high«r *.!*)**»«!*«, 
poitihio for the okmonti of thk group, art oithor utudabk (Wt;y „ r d*? noi te * 4 »t , 
<Gr) ; but them ii on# single lower volatilo whieh h by 1 

*ad liabk to further reduction into a nwnvoktik ohhmita |?f«.M!ue| «»,| 14^ 
mm is ob^rvcil k ufttium, which forms ua #»ily tnkilk «lib#fiil% UCL, 
by water. (6) tp. P* of umaium it fey n» to iwu 

wp* gr. liH)* ( 6 ) Wm m to? vhimhm mi y«IWw i»i* 


none have) boon obtained--that 1% it is the only ropresentati 

even series in the seventh group. In placing manganese 

dominate In the form ItOj, whilst the lower forme wo grmm Ami bltm (?) ?,\ 
(IHfti) tb terminal tlm vapour tWisitk?® of uranouti bromide, llltr*, and e*h 
f Uki ami Ut“2)» and limy wore found to eorrt»u|H.md to tlm formula' given a ho 
they con limit'd tlm higlmr atomic wvighi U >■ ‘Jit). Ihutroo, a groat untie 
metal® of thin group, w»s tho It rat to accept tlm piopoucd atomic weight < 
U««240, whirl* mnr«* ZmimeniuMtiik work huu hum gcmuully reroguked. 

* a tlmnium glims, obtained by tho addition of tho ytdlnw ualf, K^H^Oi t« 
green yellow fluorimcnnee, and k ncusiotsmw employed for ortuutmnUn; it 
violet raya* Uk# th« other salts of urauio oxkl««that is, It an »hgti 

tram in which tho vlotot ray* aro abatmt. Tho index of mhmtmn of 4h« mt 
l« Altered, and they art given out Again m gr**niNlt>y«dlow rtynj hmm, on 
nr^nle acid, when placed In the violet portion of the upoctrum, omit a gre< 
light, and thin forms ono of the heft Mamplot (another I« found In a mdutim 
sulphate) of the phenomenon of fluorMMitot. The rays of light which pi 
uraxdo vomgiouud* do nut contain tip ray® which wits the ph«w»meua of 
and of chemical transformation, m tho roso&rchos of Stokws proto. 
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halogens in one group, the periodic system of the elements only requires 
that it should boar an analogy to the halogens in the higher type of 
oxidation—f.*?. in the salts and acids — whilst it requires that as great 

a difference should bo expected in the lower types and ohmimte an there 
exists between chromium or molybdenum and sulphur or selenium. 
^Amd this is actually the case. Hi© elements of the seventh group form 
a higher salt-forming oxide, K 2 0 ? , and its corresponding hydrate, 
HB0 4 , and salts— for example, KC10 4 . Manganese in the form of 
potassium permanganate, KMn0 4 , actually presents a great analogy in 
'many respects to potassium perchlorate, KCIO*. The analogy of the 
crystalline form of both suite wan shown by Mitschcrlirh. The unite of 
permanganic acid are also nearly all soluble in water, like those of 
perchloric acid, and if the silver gait of the latter, AgCK » 4 > be sparingly 
soluble in water, 10 also is silver permanganate, AgMnU 4 . The specific 
volume of potassium perchlorate is equal to SB, because its speed So 
gravity m 2*64; the specific volume of potassium permanganate.is equal 
to 58, because its specific gravity an 2*71. Bo that the volumes of 
equivalent quantities are in this instance approximately the nmm 
whilst the atomic volumes of chlorine (35*5/1 *3 =3 27) and itmngitmw» 
(55/7*5) are in the ratio 4 : 1. In a free state the higher adds 1I(?J0 4 
and HMn0 4 are both soluble In water and volatile, both are jtowerful 
oxidisers*—in a word, their analogy i« •till elcMtr than that of eh mm to 
and sulphuric acids, and those points of distinction which they present 
also appear among the nearest analogues—for example, In sulphuric ami 
telluric adds, in hydrochloric and hydriodic adds, in, IhmUlm Mn t O y 
manganese gives a lower grade of oxidation, MnOj, analogmi* to 
sulphuric and chromic trioxide*, and with it corresponds fwlaiittiftt 
manganate, K a Mn0 4 , isomorphous with potassium sulphate.** In the 
still lower grades of oxidation, Mn a 0 3 and MnO, them in hardly any 
similarity to chlorine, whilst every point of rtwwnblnn™ disajifMMti* 
when we come to the elements tiMmsdvw~'i.<% to and 

chloriae-40r manganese it a metal, like iron, which omiMiii* tUtmilf 
with 'AtetHfae to tom a swat eottjpeniMli MnCIn aastagciu* to magn#* 
slum chloride. 1 ’ 

Manganese btloap to At Dumber of oiitiil* widely distribute! in 


10 The comparison of potMmtua fwraansanats with *** 



frequently contain compounds of manganous oxide, MnO, v 
a resemblance to ferrous oxide, FcO, and to magnesia. In i 
magnesia and the oxides allied to it are replaced by manj 
oalespars and magnesites —£.<?. It"C0 3 in general — aro ft 
with containing manganous carbonate, which also occurs 
state, although but rarely. The soil also and the ash of pis 
contain a small quantity of manganese. In the analysis 
it Is generally found that manganese occurs together w 
because, like it, manganous oxide remains in solution in tl 
ammoniacal salts, not being precipitated by reagents. Tl 
this manganous oxido, MnO, of pawing into the higher gn 
tion under the influence of heat, alkalis, and air, gives as 
not only of discover!tig the presence of manganese in adi 
magnesia, but also of separating these two analogous bases, 
not able to give higher grades of oxidation, whilst mangam 
with great facility. Thun, for instance, an alkaline solut 
hypochlorite produces a precipitate of manganese dioxide it 
a manganous gait : M nCl u + NaCl 0 4 2 NaH 0 » M n O u 4-1 
whilst magnesia is not changed under those circumstances 
in the form of MgC-lj. If the magnesia bo precipitated « 
Jpre.selire of alkali, it may be dissolved in acetic acid, In whi< 
dioxide is insoluble. The presence of small quantities c 
may also bo recognised by the green coloration which al 
when heated with manganese compounds iu the air. This 
iton depends on the property of manganese of giving a g 
manganato ; Mntfl i 4‘ 4 KII0 4 0^ssK a MnO 4 4-2KC1 4*21 
Hm faculty of in iht pn mtm cf Math forms 

character of mangamm The higher grades of oxkktlc 
and MnO^ am quit# unknown In nature, mi oven 
an widely spread in nature m thfe ores composed of mar 
pounds which are met with nearly everywhere. The me 
ore of manganese i« its dioxide, or no called pi:nu'itlt\ Mi 
known in mho-mingy ns pycotunite, Manganese also c 
oxide corresponding with magnetic iron ore, MnO,Mn 
forming Urn mineral known as hmtmmtnnUe. The oxide 
occur! in nature its the anhydrous mineral and i 

form, MngOjtHiO, called Both of these oft© 

admixture in pyroluaito* Resides which, manganese li 
ntit u re uh ti ruswcokured mineral, rA^it&c, or silicate, Mr 
ft no und rich deposits of manganese on* have ken f 
Caucasus, tin* U rak, and along the Dnieper. Those at the 
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district of the Government of Kutais and at Nicopol on the Dnlc 
are particularly rich. A large quantity of the ora (as much m 100, 
tons yearly) is exported from these localities. 

Thus manganese gives oxides of the following forms M 
manganous oxide, and manganous salts, MnX a , corroafxmding with 
base, which resembles magnesia and ferrous oxide in many respm 
Mn 2 0 3 , a very feeble base, giving salts, MnX 3 , analogous to 
aluminium and ferric salts, easily reduced to MnX 2 ; MnO t , diox 
generally called peroxide, an almost indifferent oxide, or feebly acid 
MnOjj, manganic anhydride, which forms salts resembling potaati 
sulphate ; 1861,1 Mn 2 0 7 , permanganic anhydride, giving salts analog 
to tho perchlorates. 

All the oxides of manganese when heated with acids give salts, Mn 
corresponding with the lower grade of oxidation, mangamms «a* 
MnO. Manganic oxide, Mn*O t> is a feebly energetic base; it Is t 
that it dissolves in hydrochloric add and given a dark solution <s 
taining the salt MnCl 3 , but the latter when heated evolves chlot 
and gives a salt corresponding with manganous oxide MnCl r -t,e. 
first; MiijjOa-H6HCls»3HgO-fMn 3 Cl 6 , and then the Mn a Ol tl elect 
poses into 2MnCl 2 +Cl t . None of the nmmlmng higher grades 
oxidation have a bade character, but act m oxidising agmi* in 
presence qf disengaging oxygen and passing fate salts of tli§ kr 
grade of oxidation of'manganese, MnO. Owing to this cirramsUx 
the manganous mils are often obtained ; they $,r% for imitanoft, lull 
the residue when the dioxide is used for tho preparation of oxygon i 
chlorine. 1 ® 

18 The name 4 peroxide* ihoald only be retained (nr thou# higksti mldm (***d M 
tiandu befcweeh MnO and MnOj) which either by a dlrmtt nrothtxl of doubts* 
are abki to give hydrogen peroxide or contain a larger proportion at oxygen than 
baeeor the aoicl, junt At hydrogen peroxide contain** mmt oxygen than w»t»r. T 
type will be H s G 8l and they are exemplified by barium |mrnx »*!«*, flaO,. and stiff 
peroxide, BfOf, && Snob a dioxide m Mo0 4 I*, la all probahlhty, * **n ~~UmI 
manganaW, Mn^MaO, aaAalao, §# a haste salt of a feeble K 
sowWatag with idkaUu and add*. Benas the name of p*m«kh» «l»* 

be abandoned, tad w$mmA by 4M*a» PbO, f» hslltr tsnnwl te#4 4 f« 

then peroxide. Blwdjdilda <st aMAgams, Mat*, oomeptmding t# inm pyrites, F 
sometime* ©«mr§ ha astern la fiat CMtehedra (m 4 aaba oomtrfasuUMiah let hmMmm 
Sicily; it m (tailed Haaorito. 

11 bta On compering the maagaaatee with the parmaaganatte-for sxampk !C »if 

with KMnO.—we find that thev dlffar In AAvnvw**<t! AH n'3,8 'I i. .f 


As the salts o! manganous oxide MnX a closely resemble 
(somorphous with) the salts of magnesia MgX a in many respo 

(from thfl nativ# MnOJ, from which It cannot bo freed by crysi&llisat 

removal may, however, be effected by mixing a portion of the liquid with a 
sodium carbonate; a precipitate of manganous carbonate k then formed, 
clpltatf fi collected and washed, and then added to the remaining mats of 
solution of manganous sulphate; on heating the solution with this proo 
whole of the iron is precipitated as oxide. This Ii duo to the fact that in the 
the manganese dioxide in sulphuric acid the whole of the iron In converts 
ferric state (because the dioxide acts aa m oxidising agent), which, as an « 
feeble bate precipitated by calcium carbonate and other kindred mitt, i« alto p 
by manganous carbonate. After being treated in this manner, the solution of j 
sulphate is further purified by crystallisation. If it be a bright red colour,: 
the preaonea of higher grades of oxidation of manganese 5 they may bo d«i 
boiling the solution, whoa the oxygen from the oxides of manganese Is erol 
wry faintly coloured sole ttou of manganous sulphate is obtained. This salt Ur 
for the facility with which it gives various combinations with water. By e 
the almost colourless solution of manganous sulphate at very low tomperatur 
cooling the saturated solution at about 0°, crystals are obtained containing 
water id crystallisation, MnHO^IijO, which arc inomorphouM with cohaltoUH r 
ijulphateu. These crystals, ©veil at 10", lime 5 p.c. of water, and completely o 
15 *, losing about 20 p.o. of water. By evaporating a solution of the salt at tl 
tomiwrature, but not alums 20", crystals arc obtained containing 15 mol. 1 
awi iiomorphoui with copper sulphate; whilst if the crystallisation be carried 
20 ’ a ud SO 4 ’, large transparent prismatic crystal! arc formed containing 4 mo 
Nickel). A boiling solution alio diqumits those crystals together with crystals 
8 mol. IIjO, whilst the first salt, when fused and boded with alcohol, giv 
containing 2 mob H..O. Graham obtained a innunliydratod nal t by drying 
abuut 200'. The bint atom of water in nhnmmtud with difficulty, na in the n 
Salto like MgSOpilldl. The cryntalu containing a conmdomldn iimumit »>i 
roue coloured, and the anhydrous crystals are cohmrle e*. The nolulnhty of M 
(ClniUter t n Note *24) per 10U parte of water i« : at 10 \ 127 j»arte ; ut 87 ’5, 11 
W\ PIS parts ; and at 101 ", pi partn. Whence it in seen that at the boding pi 
i« hnm soluble than at lower tempemiuriwi, aiul therefore a tmliilmn imturt 
ordinary teiuporattira becomes turbid when boded, Manganous sulphate, h«»iu 
Ut tuagitftftium sulphate, in daenm posed, like the latter, when ignited, but it d* 
Imm mangonoux oxide, bat the intermediate oxide, MifjO*. It gives dotthh 
the alkali sulphate*. With aluminium sulphate it form* flnn radiated cryi 
onmpoaitiim rottttmbtet that of tt» altttn«~tiamtt!y l S4!f 4 0 . ' 

cattily soluble In water, and occur* In nature, 

Mtutffttnoun chlariib, MG!*, crystallines with 4 mol H/b hke tho f«-rr* > 
not nilh fl inn! 11 K ) hke many kindred »ialf!*~-for etample, tho«tt of e*bait, e 
magnesium; lou pilu «4 water diw»<4ve no p»»rt» ut tlm antedi• m * s4f at 
pAtta at. tl* , Alcohol nl»n dnomi ve*» iimngsinon * eld •» .»!*<, end the ,d* . -h 
burn?! with a led ilamo. Thw salt, like hiogiw»n>tm « 111 *n b\ readily f< tin a * 
A solution of te»ra* §tivt?a a duly riw cob,urn I pietopitato h** mg the 
Mu 1C 4 HibdfBJ-h whirl* is iwnt «,» a «lr*«r m p-unt making I V4&»te*m r 
Am*m a jelliiwklt gnsy precipitate, Mn(%N with mangatioita m\H t #»4ubU in 
the r«iis«itt, a double »*lt, E*MftCTN,j,» corresponding wish pntaaaittm f 
b«ing formed. Clii nvapttratwm of this solution, a pnriten «f ||i» 
and proeipitatoil, whilst a salt l« 11111*1111’# ml *«li, HA 

Clmpl*!!' ,\\Il h leinahm in poliilkito I4iil|i|ifir©ltfi4 liydroftn md 

Hal tn t»f iiiftfuMitrm', tioteinji I tin but sulidndr .nv a 
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the exception of the fact that MnX, are rose coloured and aro 
oxidised in the presence of alkalis), we will not dwell upon then 


oxalate, MnCW This precipitate is insoluble in water, and is used for the propi 
of manganous oxideritself because it decomposes like oxalio acid when ignited {in 
without access of air), with the formation of carbonic anhydride, oarbnnio ox hi 
manganous oxide. Mafiganous oxide thus obtained is a green powder, which hi 
oxidises with such facility that it bums in air when brought into contact w 
incandescent substance, and passes into the red intermediate oxide MnjO*. In m] 
of manganous salts, alkalis produce a precipitate of the hydroxide Mislf 3 0 ? , 
rapidly absorbs oxygen in the presence of air and gives the brown Intermediate 
or, more correctly speaking, its hydrate. 

Manganous oxide, besides being obtained by the abiive-described method fnnn 
ganous oxalate, may alio bo obtained by igniting the higher oxides Jn a sire 
hydrogen, and also from manganese carbonate. The manganous oxide ignited 
presence of hydrogen acquires a groat density, and is no longer no easily ox Id ter 
may also be obtained in a crystalline form, it during the ignition of tlio carbon 
higher oxide a trace of dry hydrochloric acid gas bo passed into the current of hyd 
It Is thus obtained in the form of transparent emerald green crystals of the n 
system, and in this state is easily soluble lit adds. 

Manganous oxide in oxidising gives the red M«»0 4 , This 

most stable of all the oxides of manganese; it Is not only stable it the ordinary bu 
at a high temperature—that is, It does not absorb or disengage oxygen epontenos 
When ignited, all the higher oxide* of manganese pass into it by totting oxygen 
manganous oxide by absorbing oxygon. This oxide doe* nut give any iliNtinot 
but it dissolves In sulphuric add, forming a dark red solution, which otmteuia 
manganous and manganic (of the o.ri</*, Wn a ( \) sulphates. Tim latter with %mlm 
sulphate gives a manganese alum, in which the alumina is replace! by tt« tmnmr\ 
oxide of manganese. But this alum, like the solution of the tatennrdtat* oxide li 
phurie acid, evolves oxygen and leaves a manganousmlt when slightly heat*! 

MangfflWM dioxide Is still loss basic than the oxide, and disengage* oxygon 
balogtn in the presence of soldi, fanning manganous twite, like the oxide Hownvot 
'k® suspended in ether, and hydrochloric acid gas passed into the mixture, which is 
cool, the ether acquires a green colour, owing to the formation of teira rhton 


.manganese, MnCfa corresponding with the dioxide which pu*ts into *4utfai«. 
however very unstable, being exceedingly easily decomposed witli tli# #t«luti ! 
chlorine. Th® corresponding fluoride, M«P 4 , obtained by Nteklde li much mmm * 
At all events, manganese dioxide doe* not exhibit any well defined basic 4»f#rte 
has rather an aoid chamoter, which i* particularly shown in tli# ^m^und* Ifni* 
MnCl 4 just mentioned, and m the prnjmrty of nmngmmn dimt,!* of .--mbming 
eUadi*. If the higher grades of oxidation of nmngaimao b« dtH<xidt»ed in ill# ptcmi 
^katis, they frequently give the dioxide combined with the alkali for ii 

pmenoi of potash a compound Is famed which eon tain* which »to>* 

iswh acld^«»et«f^ftli«ld% Wfcnlipltod III th* ptmewm of e^mtm 

JfaOttSo^ M “°< h * MjiM >««*!, 

? " !“*, Uwr ® *** »*hw» .«*!> * vt.* |H, 

’ ^" b ®’ “ dl ««'“»): lumnrn it m kw>w» «,*» m.niMtoH. ehlJtJ, 
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limit ourselves to illustrating the chemical character of man| 
describing the metal and its corresponding acids. The fact a 
the oxides of manganese are not reduced to the metal when i 
hydrogen (whilst the oxides of iron give metallic iron tint 
circumstances), but only to manganous oxide, MnO, she 
manganese has a considerable affinity for oxygen—that is, it ii 
to reduce. This may be effected, however, by means of elu 
sodium at a very high temperature. A mixture of one of the 
manganese with charcoal or organic matter gives fused imteu 
gamm under the powerful heat developed by coke with an 
draught The metal was obtained for the first time in this mi 
<3ahn, after Pott, and more especially Scheele, had in the last 
shown the difference between the compounds of iron and mi 
(they ware previously regarded us being the same). Manganei 
pared by mixing one of its oxides in a finely-divided state wit] 
soot; the resultant mass is then first ignited in order to <h 
the organic matter, ami afterwards strongly heated in a charcoal 
The manganese thus obtained, however, contains, as a rule, a < 
able amount of silicon and other impurities. Its specific gravi 
between 7*2 and R*0. It has a light grey colour, a feebly 
lustre, and although it in very hard it can be scratched by a 
rapidly oxidises in air, Ixdng converted into a black oxide ; w 
on it with the evolution of hydrogen —this deeompohitiun proa 
rapidly with boiling water, and if the metal contain earlvou/ JU 

4toxt<lo, at watt mmitkmed above. Ifjitii*awmfi nitrate sU«o leaven nmnp.mm 
when heu ted to ‘iiMT* It in also elitmu**ii from tmng&nmn witl ntjutgatoe « 
•klkn.hu, when they iyr« dmamipamni in the pmmmm at i. omul! « mount **f end 

tie»l of eonviirtlfif Ui© mil* MuXy into flwt higher grades of okulaitim 

Chapter IL, Note ft. 

m Other clwmMi hmm obtained by different motho!*, and 

41 &u*»t properties toll, Tliii tii§«*w»n» probably defmmta on the |ur*s*nr«i 
in thffermit Deville obtained num^mwm by ftuhjeetui# the pm 

Biuml with pure c!mrc»i«&l (femi burnt tuttfarh h< a. htm! m r limn run st4 

m»u limit. metul fuunt The metal • tht&imul hie I n hut, hke luaumlh, 

wtisi very brittle, Hlthnuph * m »<uln»jrd> bur* l It *!«»• •©*}*< waf«i et Ih* 
le*tt|***inture. lit muter t*bf ooieil in it ? ■*» liimiij,* » ii] rs iS«* pr»% tty ' f uk ’ut 

& 1 _ „ * « .. S . HI • a\ * I . » «... . * i ... i i ~ * - t 
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It has been shown above that if manganese di 0 
lower oxide of manganese, bo hentod with an nlkali in t' 
air, the mixture absorbs oxygon, 91 ami forms an alkaline rx 
green colour : 2 KnC) + Mn0 a + t)s=K g MitC) 4 4»II 3 0, Sf 
gaged during the ignition of tho mixture, and if this , 
place there is no absorption of oxygen. The oxidation j 
more rapidly if, before igniting in air, potassium ehlo^ 
added to tho mixture, ami this is the method of proper 
K S M nO v The resultant maw dissolved in a, t 
of water gives a dark green solution, which, when evnpot* 4 
reeciver of an air pump over sulphuric' acid, deposits 
exnetly the same form as potassium sulphate namely, ai 
and pyramids. The eotuposition of the pt oiltn t is not clx$ 
redissctlvcal, if perfectly pure water free from air and Co, 
taken. But in the prewmieu of even very feeble acids • 
this wdt changes its colour ami beetmu* rod, and depo® 
dioxide. The same decumjaraition take* place when tho 
with water, but when diluted with a large quantity of i 
manganese dioxide dors riot separate, although the boIu 
T his change of colour depends on the fact that putasaiij 
K 3 MnO <( whose solution it green, in transformed into j 
manganate, KMnD 4 , whow solution in of a ml colour, 
proceeding under the influence of acid* and a largo qu«t 

fi»niw#,»liy.in«I earbidim at S4«*Ct -»iu*t ramai 
v«kkil«*d tn to h*»*t of to vwlUte are. Metallic w*«|f *»»•»• w, lmw«v«s 

A large ucata, UuX wily it* alhy» with rulw (toy readily and rapidly . 
m<ingptrt#re or a mwtrwdy cfyaUlhim alloy of t»«tng*n«Mi artel, 
»im4l*nl in liWU-furnswr.* likw jug Iron tm» (‘liapter XXIt S Thi# £ 
Mn|'li«yp>l in Mitt ttmnufocltira of »U>»1 by tl«»a»iunt‘« and *»lh«r proo 
XXII ) and for to manufacture at (.retire. in A. 

Wald tlsuf.) obtained al»m*#t pur* roelulbc nn4»»u<*»«e»« » ktgn wn.lt 

Um ora of Mutq with at* p.c, nulptium •«i«l i**b<«h all i, 

pmumt in to ora), and ton beat it In a reducing fkw« t« convert ■ 
toy mt with » pmfat of AS, ll®« and Cal'i im a Sat), awl head 
etakWi lined with »«*»*»& \ a raaetton isundUatnly uIhm $mn ataoi 
awt a matal of tpeifes gwritf It t« obldMk which only mWhi a. 

MangaMM glvss Iw® eempwwk with asd BCt 

obtained by fftMapt (IhtU) frets tot amalgam «# mmftnmm Mu*! 
mwewy by to aethm of an akotrk eswmtl ofum a colutl' 
mercury may ba ramtred from this amalgam If boating it la an atm cm 
am! limn rrmtelllo manganere k obtained m a gray p»»r«*n* bums of a] 
If thin amalgam be heated m dry nitrogen it giw« MsjN, (gf»f poivcf 
If bttakd in an atmosphere of Nif| It itive* (*» »lw «h«* Mnj,N«) M 
with a mnUltia lu»tr«, «p. gr. ti'41), winch, when HeaUat m nitro^©* 
Wu#Mitl if in hydrogwi uvwfwsi Nllj and hydro 

el At all #vtaU, manf mum* k a MtsJ whkli dccwapoaM 

Worn inui, nfekd, and wbdl. 

** Volarn* t tk f. 
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is expressed in the following manner : 3K s Mn0 4 + 2H a 0s=2KMn0 4 
+ Mn0.j + 4KH0. If there is a large proportion of acid and the de¬ 
composition is aided by heat, the manganese dioxide and potassium 
permanganate are also decomposed, with formation of manganous salt 

Exactly tho same decomposition as takes place under the action of acids 

is also accomplished by magnesium sulphate, which reacts in many cases 
like an acid. When water holding atmospheric oxygon in solution acts 
on a solution of potassium rnanganato, tho oxygen combines directly 
with tho rnanganato and forms potassium permanganate, without 
precipitating manganese dioxide, 2K s Mn0 4 + 0 + H a O *■ 2KMn0 4 
4-2KI10, Thus a solution of potassium mang&nate undergoes a very 
charaoteristio ohange in eoloub and passes from green to red j henoe this 
salt received tho name of chameleon mineral,** 

Potaanum ^Permanganate, KMn0 4 , crystallises in well-formed, long 
ml primus with a bright green metallic lustre. In the arts tho potash 
ia frequently replaced by soda, and by other alkaline bases, but no salt 
of permanganic acid crystallises so well as the potassium salt, and 
therefore this salt is exclusively used in chemical laboratories. One 
part of the crystalline salt dissolves in 16 parts of water at the ordinary 
temperature, The solution is of a very deep red colour, which is so 
interna* that it is still clearly observable after being highly diluted with 
witter. In a solid statu it is decomposed by bout, with ©volution at 

M It wni known to the nlckoraiiii# by thin name, but the true explanation of tW 
change in colour U due to the mwiuthfli of Chevillnt, Edward*, Mitnoherlieh, and 
Forohlmtnmer. The change In eolour of potwwittm tnoaganaU Is due to ite Inxto* 
bilily unit to Its uplItUag up Into two other mm§m§m eowpcwmde, a higher and a 
lower aMn0 4 «Mn,0, tMaOj. Mturganeee trioxide I* really deemwpoead ia ibi* manner 
by the action of water (mo later) i BMn0j+H»0 •» SlfnH0 4 +M»<\ (Fia&ka, Thorpe, 
and Humbly). The imUabUfty of the salt ta proved by the feet of ile W»f dococfdlMd by 
©rgiwife matter, with th® formatton of aanpa«»t dloiJde and alkali, ao tbit, far Imikmmi, 
a unlullnn of dill m 44 cannot be filtered through paper. The pwwsae® of on exee* of 
alkali inrruwH the stability of the aali; when heated it breake up in the prenenoe of 
water, wuh thn evolution of oxygen. 

The nieihml nf ptejinring petoixiiim prrmoitpofutir will b« utnl**rttond from thoalmva. 
Then* me ninny recijiea fur preparing llun avihnUiioe, tw it in ImW ueoil in mitiM'laral'le 
qiiaiitiliea b'.th fur toehniwl ami laboratory pur]H>aoti. Iiut in all eaw»a tho aetteiinn of 
the titt'UiiHln in uni* nml tho Mutir: a niixttm* of alkali with any oxhUt of manganeae 
(enm mangaitoua hydroxide, which may 1» obtained from niottgonott* ohlorkto) l» firet 
boated in the (iretenceof airor of an uxidioing aabatance (for tb* wdte el rapidity,with 
potassium chlorate), tho reaultant nutM !e then treated with water owl whm 

manganeae dioxide » proeipllated and potaMiam pecmaitiiaitste rsmaios to 
TIiiii *M*h»tieii may be boiled, m the liquid wfll eoutain free ftlteaMj but the aotetkm 
emmet h«. ov«i*i.ratoil to drymiai, beeatUM a ntfeftj ooluUon, m wdtt m the eolid ealt, to. 

d«H'e|H|„.m. 1 by heat 

liy mhling a dilute eolation of mangaooos ealpbato to a boiling mixture el lead 
dioxide wid dilute niirfo add, the whole of the maaganm may be converted tote p*e» 
manganic acid (Crura) 







potassium oxido being loft. sabls A mixture of permanganate of pot&i- 
mum, phosphorous and sulphur takes fire when struck or rubbed, a 
mixture of the permanganate with carbon only takes lire when heated, 



permanganate to manganese dioxide (in which case the red solution 
heroine's colourless). 13 Many organic substances (although far from 
all, even when boiled in a solution of permanganate) act in this manner, 
being oxidised at the expense of a pert inn of its oxygen. Thus, a 
solution of sugar decomposes a cold solution of potassium permanganate. 
In the presence of an excess of alkali, with a small ipiant ity of sugar, 
the reduction leads to the formation of potassium maugnnato, hoeutiHO 
2 KMu 0 4 + 2KH0»O + 2K 8 MnO 4 f 11,0. Withnconsiiiurahlt*amount 
of sugar and a more prolonged action, the solution turns brown and 
precipitates manganese dioxide or even oxide. In the ox illation of 
ninny organic bodies by an alkaline solution of K Mid >, generally three- 
t-ightha of the oxygen in the salt are utilised for oxidation : 2 KMii 0 4 
srifKjjO } 2Mn( j (J a . A portion uf the alkali liberated 0 n tained by 
the manganese dioxide, and the other {«»rtion generally combined \a ith 
the substance oxidised, Wcausn the latter most frequently gives an arid 
with an excess of alkali, A solution of jaitiuodum iodide acts in a 
similar manner, being converted into potassium iislato at the oxjKnne of 
the throe atoms of oxygen distengnged by two molecules of jmt«*iium 
permanganate, 

In f/m prrarnM 0/ttciti*, fwUimimn pernmn^ttmite netm tut an oxidising 
titjeni with still greater energy than in tlie presence of alkalis. At any 
rate, ft greater proportion of oxygen i« then available for oxidnfnut, 
namely, not jj, as in the presence of alkalis, lust fj, Itreatise in the first 
instaneo manganese dioxide h formed, and in the neroud ease mangan¬ 
ous osid©, or rather the salt, MnX„ corresponding with it. Thus, fur 

•** Tba wlaUoR of this nil with m mmm of tapon mmtmtvUd ilfoii fwwwully 

oeqalfM a ir#w list 

* A nutation of poUmiftm poraangiMl* giww s Wailful «b*erpUtta njwwinim 
(Chapter Xlt!) If the light in pM*btff ttmmgh U»l* li>«*m a y? u» ray* 

In It (It t-m way m> auermtit for It), lhi» to partially eiptaimwi l»y ih» Ia« r*>*«j4 • ••ultatog 
power whirl* Urn <u>luUi>a then arijalrw*. We may here al*<« refiwh that «>iilut»» 4nt,»ft 
of permanganate «»f j«it«»iam forma it fulnarlea* watt ukM mil*, W* *u«« 

Um grew* ettlnwr uf lh«* *JiiUt>n of ntokal **lte to i iinipleiiietiUry te th«* r@«l, s 

dsodkwised sdatUm, rontainmg a largo «,f utrkel *u»4 a amall proportion of 

4«XHatxwM after a lime, throws «J.*wn a pr**>i piUte, And rv th* 

graen «st®W pspr to lit* »Mwl mIu. Th» addition of» of a what 4 xlt fro#®, 

tod) to U»« altAid tiidt dtlftrep tk» roh«»r <>» twill «4te. 
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instance, in the presence of an excess of sulphuric acid, the decom¬ 
position is accomplished in the following manner : 2KMnQ 4 + 3H S 8Q 4 
tacK a S0 4 + 2MnH0 4 + 311,0 -f 50. This decomposition, however, does 
not proceed directly on mixing a aolution of the salt with sulphuric 
acid, and crystals of tho salt oven dissolve in oil of vitriol without the 
evolution of oxygen, and this solution only decomposes hy degrees after 
a certain time. This is due to tho fact that sulphuric acid liWatea 
free permanganic acid from tho permanganate,* 4 which acid is stable 
in solution. But if, in tho presence of acids and a permanganate, there 

M If sulphuric odd la (dlovrsd to aat an potudttm pamaniptaate without any spool*] 
pr*o*uUons, » large amount of oxygon la evolved (It way mm explode sad inflame), sad 
a violet spray o( the dmmpodag parmanganie add is givpn off. But if the part i»lt 
(i«, Iim from ohlorine) b# dissolved in pore welbotKded sulphuric sold, without 
any rise In tsmperature, a green-oolonnid liquid settle* at the bottom of tho vesiml. 
This liquid does not contain any sulphuric sold, and rtmsiat* of permanganic anhydride, 
MngO? (Aschoff, Turrt»il). It i* ImiKiseihln to prepare any c.nianWablr quantity of the 
anhydride by thin method, an it dwiomiKiRna witli an explosion an it ruHncta, evolving 
Oxygon and leaving red oxide of manganese. JfVrmnnj/tmtc nnhgdnJr, in 

dissolving iu sulphurlei add, given a green solution, winch (wrrnrtUttg to Erartke, 
talas a oompound Mdy&Oio «* (MnQ^BO,,—that is, sulphuric netd l« whidh both hydro* 
gens are replaced by die group MuO* which is combined with OK in permanganate of 
potassium. This mixture with a small quantity of water gives Mn.O*. according to the 
equation: {Mn0j) ( 80 < f 11,0 *» H a HO, + Mn a f>j, atul when heated to SO 4 * it gives w«t». 
gamm trhumb, (MnOjlgHO, t II,o «* uMn<i, i H,tu>, • o. l’tire manganese trtoxidn ta 
;obtained if tlw solution of (Mn* ).,ijSc i t b« paired ,n .h.jn.<n t*» mubuin carbonate. Tlimi, 
together with rarlwniio anhydride, a npray *4 nituiynurse tti<>r:di> psi»»*>a i*hi<h 

may ho collected in a well cooled receiver, and Him »ho«vs that the pf.*«r.is 

according to tin, equation ■ tMn<>,i,Hu t * Na,i iNa 4 S*< uMn* *i» thi ( * <i, 1 *•>, 

The trinxiile is decornixuied by water, forming manganese and a solution n( 

fermanganb acid ■ UMnO* ♦ 11,0 » Mm i,»uHMu< Tim mmmp jm nt is obtained by 
disaolving pornnuiganin anhydride in water. 

Barium permanganate when treated with eulphurie acid givsa the mm # aeid- This 
barium salt may to prepared by the action of barium thlwble on the difttodUy eel w bis 
sliver pemaapmato, AgMnU* which is pweipllatod oa mixing a strong wdatton of Aft 
potassium salt with dlvwr nitrate. Ths §oli*t4«, of pMrmanjfaaio mM form* ft bright rad 
liquid whleh reflect# a dark violet tint. A dilute solution h»# exactly the same wtour 
as tliat of the potassium salt. It deposits manganese dioxide when exposed to the setim* 
of light, and also when heated above (to", and tills proceeds the more rapidly the m<«rw 
dilute tho solution. U shows IU oxidising projwrlies «„ many rases, as already 
mentioned, Eve,, hydrogen ga» l» absorbed by a solution «-f pertosnganir and ; and 
oharowd and sulphur am sUi uxhIiuhI by it, a« lb*-y am by p.Vaaamo, t^rmaognnate 
This m*y l* taken advantage of in analysing gunpowder, l««i»« when it is treated 
with a solution of potasaiun, ]w>rms4igansle, all the Milpbnr ,« t. 4 »iertel into awtpbwHo 
sold sod all t!» ohiurrxral into carbonic anhydruie Euiely »b*i«W«l platinum ittun*4lnt«ly 
daeampo#** permsagsniu told. With ptstawdum Itwlide it bbsratou todi«* (whkA map 
aftenmifa b« ntddiwd into kxUo seid) (MitseWhrh, Fmtehitru, ud eAm). 

Amm«ftia 4 om so* foro s, «rw^»R44»g suit with tra* p»rs»a»p»te s#i, it is 

oxidised with wdntkm of nitmgun, Tim oxldwnf sottim *4 pwmmogtuitis arid ta ft 
•temg wdutb n may to weeimp&nM by Sams and Ut« turimMm df violet tumtm of 
permanganic arid ; thus a str*.„g »(4«ibf*n t»f It t«k«« thru brought into ^latsrt with 
piptr, alcohol, alkaline aul) 

W* way add that, arei,rd»ng t« Fraiike, S part «d potassium parmangonats vuk tf 




passing into a higher grade of oxidation— then the reduction of the 
ponumiguiiie acid into iwuiganmuj oxides mmiolimos proceeds directly 
at the ordinary tomporatnre. This reduction is very clearly seen, 
because the solutions of potassium permanganate are ml whilst tho 
manganous salts aro almost colourless. Thus, for instance, nitrous acid 
and its salts aro converted into nitric acid and decolorise the acid solution 
of tho permanganate. Sulphurous anhydride and its salts immediately 
decolorise potassium permanganate, forming sulphuric acid. Ferrous 
salts, at id in general salts of lower grades of oxidation enpahh* of being 
oxidised in tolulion, net. in exactly the Mtnie maimer. Sulphuretted 
hydrogen iu also oxidised to ;.tdploui«- ueid ; e\m moreury is oxidised 
at tlie expense of pennaug.utie arid, ami den>haisi-i its solution, being 
converted into mercuric oxide, Moreover, tlie end point of these reactions 
may piunly bo wnm, aud therefore, having first determined the amount 
of active oxygen In ana volume of a solution of potassium pommngunato, 
mid knowing how many volumes are required to cllVcf a given oxidation, 
it in easy to determine tin* amount of an oxidiwibh* unbalance in ft 
solid ion from the amount of pet mniigJiunte expended (Marguerite 1 ! 
method). 

The oxidising action of KMtrt l t , like all other chemical tenetii-nn, 
is not accomplished itietnutanemisly, hut only gradually. And, ns the 
course of tho reaction i« here easily followed by determining the amount 
of salt unchanged In a wimple taken at a given moment, 1 * the oxidising 
reaction of potassium permanganate, In an acid lujuid, was employed by 
Haroourt and F.hxuu (1 •''<'■.%) an one of the first, «««» for Uu» invmtigalion 
of the laws of the rate of chemiml cha iij/e 3r ’m a nubjeet of gran l import¬ 
ance in ehemietd tiicehamcn, tn their experiments they took oxalic acid, 

parts «.f 6i|}|ilui*n - i»» id at tlH> jjo«» hr,.»» u > ryn!,il» ■ { tin* *><vU Mugth 11,0' 
which jjivva a prixapiUte »f l»y-U.»ted iitaui'nio «.■ <l>.-»*, — Mu* <,11 ,< *, whrtt 

IwmiiMl with water, 

P|»ri«g, % ptedpfiirttttjt j«»te«i»tnni jpnrma»R»n»te with *h» 4I««« sulphite *n<! w*»»i»>ug 
tf» fwelplteta by (hwantettAtt, obldii**) * notloM*] «•**<!«>, **h>.»4 

«m lb# vmm MR 4 t% w*4 

• For rapid m 4 «*•»#!• tWte»tiiln»te/»i» of this a4m»t«jf«i f» Mum *4 tl>»*n 
matbod* of cJwuwk&t inatysi* which mm m * anatynia), an4 

cnn*iftt tn mewrarlftg tfc* volftmw of ##tntk»t»»«f known «trw*igthntt|tilr*x1 for (he »•..«,|4»l« 
oiiuversion *>f » given K«b*tewe#i. IteUiU r*«f#r*ti«g Itw* lhr«>ry nmf |*r«s no «., f 
til v* he h j*<>te*s«sttirn j*>rtitaurRnate In very fr»'|tt*>nl1y oinphift-il, rmtel t.« J ■ tu> t f r tn 
Wort* oil aiiidytural rhpinmtrjr 

*•’ The nit>tta(trt>nirtlte of Vel.i ly BM-I or» rl<>tR(i<,ti Helve f r lie tar totem,,- l hr tmwmttm 
of Imt In Kill ui (list raes> th<i vrh.i .Ora mtf tfiefcniteriwt of tettgtb Of pftltw 

pMMWA e»«r tti # unit of little *1 he vr! •» Ilf * f rhrniirat rb«ntt*> end<u4tft« ft tminmpUi>tl of 
ignite niMithw kts4. In the first place, llto mhteiUm uf mmlimm mrm m»gf>Um4m of tb» 
mtMm which tamt «mter@<l lute chcMikat Lmokfonnaiteti* ■, In Ibe j»t mp, ibfio* 

vdbeite mn mh Vm tMw awnttlte. liww itiu mmmxMtm of 1 votonti* * bm write*. 
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C 2 H 2 0 4 , which in oxidising gives carbonic anhydride, whilst, with 
an oxccss of sulphuric acid, the potassiym permanganate is converted 
into manganous sulphate, MnS0 4 , so that the ultimate oxidation 
will ho oppressed by the equation : 5C 9 H 9 0,, + 2MnK.0 4 + 3H 9 80 4 
* 10CO a + K a S0 4 4- 2MnS0 4 + 8H 9 0. The influence of the relative 
amount of sulphuric acid is seen from the annexed table, which gives 
the measure of reaction p per 100 parts of potassium permanganate, 
taken four minutes after mixing, using n molecules of sulphuric acid, 
II a SO.„ per 2KMn0 4 + BC 9 H 9 0 4 

n» 2 4 6 8 12 16 22 

p *22 30 51 63 77 86 82 

showing that in a given time (4 minutes) the oxidation is the more 
perfect the greater the amount of sulphuric acid taken for given amounts 
of KMn0 4 and C a H a 0 4 . It is obvious also that tho tomperaturo and 
relative amount of overy ono of tho acting and resulting sulmtanoos 
should show it# influence on (ho relativo velocity of reaction ; thus; for 
instance, direct experiment showed tho influence of the admixture 
of manganous sulphate. When a large proportion of oxalic acid (108 
molecules) was taken to a large mass of water and to 2 molecules of 
permanganate M molecules of manganous sulphate were added, tho 
quantity x of (he potassium permanganate acted on (in percentages 
of tlm potassium permanganate taken) in t minutes (at Hi") was as 
follows : 

ttr. 2 n 8 11 14 44 47 53 61 68 

0-2 12*1 18-7 25*1 31\3 GH-4 71-7 75 8 70 8 H3-0 

These figures show that tho rate of reaction— that is, the quantity of 
permanganate changed in one minute- decreases proportionally to the 
decrease in the amount of unchanged potassium permanganate. At the 

iUffmait moaning In t'lsomititsry from v»lsal it Ism in m»clmnit*«, Tlmir only r.munrm factor 
is Uum. If itt the inm’TOi'nl of timn (Ui«l i/-r (In* rjuantily nf is Mtliataiio* rtinngpil in 
thin simri' of linji\ linn tin* frm li>>n (>>r i|n.iln>nt) if i iff will r*i ri -m tin* lain nf (In* 

rt'rtl'til'tl. Till! Initiil-il 1 .'III IiIm.iIi, rulin' til 111.ll, 1.) itiu. Mint nn>i l\»fcnO p ami |>r<Vn.iniiy iu 

Ilium (O'f.n) l.y Willi. lni) (win. him niiSftl*'>l lli»* tain i'uioi>riiti.n, i>r him-i -i..n, *■( mijjur 

ill it* Jirtuan^i- lulu (-ltd iisi't, ri.tiai .|t, hi ratal,'mini!,; llitil t!i*» s«■)... it*i in |.(..|-.i|li..||4l tu 

tin* ijiiiUi lily of piiIibIhih'i'S still inn Iihii^'hI i r Uml ilj ,/f — CjA -t ), s* Jn>ti> (-* m is 
Connlisrit etK’fflrimil of jir»|mrtn*iulily, Mini nlnun A sb ilm ijtntntily of « atihuUnra t*5«*>n 
ftir fiMliwi at this ntumptii when f — O Mini x - 0 ~ Hint s», at list* l>e,;ittat»f( «f Un» 
M{wrtm*»nt, from whirli tho Um* f and qimnltiy s »f anbaUnee I* r»it«M. 

On in(rj.;r»ting this preewltftg tajualimi wr> nhUin l<«g!A|A x) «if, when* i I* ( tiow 
cnii-it .ml, if wo tain* ordinary (and tint natural) h>#ittflhtH* Ilw», knowing A. x, and t, 

f«r t-H.-li ii-.ii ... find h, nmt ll to W a nsfeAuHl ijmestilr Tins* f«-;n tins 

flK‘» r«m i itnl in lln> («■*( fur tlm traction SKMilt), r loaf *,1|, 1 1,» HMt.'S it \y |.n 
Otdaulntoil that A ~e ell 4; fur ctunijilo, f — 41, x -- ftt» 4 (A — li«' , »hri». •> k 1 -o ,v»nt and 
£*>00114, (mm tifiu Clmjitnr X IV., N«t« 8, ami l.‘h«j>S«r X X V11 , N»4« Uj l-i»). 



commencement, about 2*0 per cent, of the salt taken was decomposed In 
the course of ono minute, whilst after an hour the rate was about 
0*5 i>er cent. Tho mine phenomena are observed in every case which 
hm been investigated, and this branch of theoretical or physical 
chemistry, now studied by many, 87 promises to explain tho course of 
chemical transformations from a fresh point of view, which is elonely 
allied to tho doctrine of affinity, because tho rat o of reaction, without 
doubt, in connected with tins magnitude of the affinities acting between 
the retieting Mub:itfiuee.*i. 


-• Tlti< r. -siiju. t>> =i urn I" l.v 11..... I, Vmi't II.iff, It tiv.iM, IViii'lii, Mm .. tmtkm, ti.nm. 

% »! iili'l ..111. 1 u I. n i" it j ■ i I). ill,. i ml,. .. •, ,r. ■ |I hr, >li. ‘. .11 Hum,' f. 111. . . >1,1 • 

|... 1 1' t > 11 ■ . 11 y » f tluu ill*, i, ..!i ! (I-, i 1 .f 1 I I ■! ■. 1 * - v . U if. u *■ I nl ■, f 1 Mn 

ili'lil. Oi.na, l i'.-titsi e. 11..)•■■■■■.iM.. !■> rut> 1 11 .1 < Un 1 j< 1 •• ■ S tlir..|i *i. .! . In in .lry, 

ttUlii.Hgh I tun n«i!«i rmli.litil Cluit it 1 .ii'Vi lit utr>.il 1 |. ml ! 1 1. 1 tin) 1 1 .in l if hi IN, 

1 oi l mlly id jVajM'tl, li> i lti.iiii. nl t-imlil'iin, f.<r Vmi l 11.>0 lmi iilo ii.l', tlml 
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CHAPTER XXII 

IRON, COBALT, AND NICKEL 

Judging from thd atomic weights, and the forms of the higher oxides 
of the elements already considered, it is easy to form an idea of 
the seven groups of the periodic system. Such are, for instance, the 
typical series Li, Be, B, C, N, O, F, or the third series, Na, Mg, Al, Si, 
P, S, Cl. The seven usual types of oxides from JEt 2 0 to R 2 0 7 correspond 
with them (Chapter XY.) The position of the eighth group is quite 
separate, and is determined by the fact that, as we have already seen, 
in each group of metals having a greater atomic weight .than potassium 
a distinction ought to be ..made between the elements of the even and 
uneven series*-. The series of even elements, commencing with a 
strikingly alkaline element (potassium, rubidium, caesium), together with 
the uneven series following it, and concluding with a haloid (chlorine,, 
bromine, iodine), forms a large period, the properties of whose members 
repeat themselves in other similar periods. Tho elements of the eighth 
group are situated between the elements of the even series and the ele¬ 
ments of the uneven series following them. And for this reason elements 
of the eighth group are found in the middle of each large period. The 
properties of the elements belonging to it, in many respects independent 
and striking, are shown with typical clearness in the case of iron, tho 
well-known representative of this group. 

Iron is one of those elements which are not only widely diffused in 
the crust of the earth, but also throughout the entire universe. Its 
oxides and their various compounds .are found in tho most diverse 
portions of the earth's crust; but here iron is always found combined 
with some other element. Iron is not found on the earth's surface in 
a free state, because it easily oxidises under the action of air. It is 
occasionally found in the native state in meteorites, or aerolites, which 
fall upon the earth. 

Meteoric iron is formed outside the earth.* Meteorites are fragments 
'which are carried round the sun in orbits, and fall upon tho earth 

The composition of meteoric iron iB variable. It generally contains nickel, phos¬ 
phorus, carbon, &o. The echreiheraite of meteorio atones oorititinB Fo 4 NijP. 
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meteoric ilust, cm passing through tho upper parts of the atmosphere*, 
ami becoming incandescent. from friction with tho gases, produces that 
phenomenon which is familiar under tho name of falling stars, 1 Such is 

* Comets nntl the ring* of Saturn ought now to he cimnlih<rud aw c<mmnthig of an 
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of tho lurgoHt oolowtial hoilioa tlnui haa hitliorto hesu imagined, The Inveatigatiou of 
fltitt branch of nwtroiiomy, duo to Hdilajmrtilll, hatt a Insuring on tho whole of natural 
acifiwo, 

Tito (jtii’istii'ii uriiu-:i an to why Urn mm in nmteoritrn i«t in n free white, whilut on earth 

It i . ill a i.lulc of roinhiimlioit. lloen tint thfi tend to i.Jcw (lint the ctiiilitiou of our 
gin*'.' i vi'iv fomt (lint of tho rout? My lumurr to thin i|Ut->4ioii Inin hoeji 

alo inly given in Volume I. j,. (iVi, Noto f.V, It in my ... that itmidn tho noth tlo-ro 

in a imuti winnUr m i o.uj.. .i(i,m t-* niehoi itru tlmt ii ontuiitiiig lo.kv mutt, r and 
metallic ir,m, jmttly i <uhutc It.-d, In . nii. 4 in>i.<n, I iviui.I, , it will m<! h.. m,( ,4 j.l.uo 
to add thn following esplatmtemn. According to Urn tin orv >4 tho ilo,tnloiti..|i of j,re«. 
#ur#» (we my trmliwt tin iUirnmefrirat he wffirtj/, inyfl, pagr-t tn ct a. 7 l tn an atina* 
sphere of mix cal gaaotc, il folh>WM that two gaaett, whoae *t**n»®ic «r«» 4 anti ,/ tl and whose 

relative ipmnlilieii or partial prewurua at a certain ilmlani •< from tin. ci'iitrn of gravity 
artt h ami /*,, will, whim at a greater distance fri«ttt tlm centre of nttia. turn, prriwnt a 
diffen nt ratio of their nmwnr.j'i that i», of tlmir purhn) pica-iurt'n-whiiU muy 
fi.umt hy tho e.jlialml* i/||!ng h -logJl- u'llng A, -■ log jr,}, If, for IlnUlii e, 4 -O; J ( 

iljttl /1 ■ fi, (llittl m l" no', tho nni'o.t’i iito I'tjnal at tho lower heightJ llwKl. th> 11 when 
a- m tlm magnitude «‘f 04 will not |.» ill (1 0. the maun of a ga# at a higlmr lrw>| wlmon 
density <*l will not la* equal to the j«i»s 4 of a gm whow deimity — It, m «« tlm ca#o at 
tk lower level), but much greater -muimly, <t x ** iOtto-lha! I*. the lighter g*a will pro* 
dominate over a heavier win at m, higher level. Therefore, when the whole nmaa of thn 
worth wan in a Utah* of vajunir, tho mdwlourea having a greater vapour denoily nrrtmiu- 
Hftttd about tlw centre and lh«w> with a twnwr vapour density at the surface Amt at* 
ibn vajiour lienaillea depend on the atomic tun) inoleciihir weighta, Oman *itbat«n<-r * winch 
tiavn anmll atotuic and iitoh’. olar wi'ightn ought to have a*, nnmUli 4 »t th» «nnf,u,il 
those With lligll atomic nod ular Weight*, which are the l> ,ml V. 4 ntd<’ nn 4 th« eaoo-Hft 
to ciiiidnnae, at the n litre. Thua it l««*onie» »hv am h light cleuiriiia art 

TiV.lr. g, 11, 1 alhoi), mtiogeu, laig.m, »>*domt, iiiagm-aiiiln, nhinitnniln, »ih. on, j.h 'i'j le fua, 
antli.hiti, 1 hl''riii. 1 , j e * H E.ciss,.siisi4, cal* nim. end thi .r i"iii| •m,.li j i .4 ni.ievti ul, (l|. uf.ors 
All* I Urgelv form the rartli'a , mat. Tin »e 1.1 uIj.i ii.« n il. h 1111 ,1 th-- -no, »« j . •mm 
amdyaia almwe, and tlnnefoin it llill^t Invvo cot. n >4 into the 1 .■iiij*- tnlioii ,4 Ih.i earth 
And ollmr (dativl*, but Would llavo w . Ulliutaled at the •« I.tto, h.a auim the , 1 * mil V of 

ft* va{utur l» wrUlnly large and it twwily rondeinuMi. wm ala-i «>*jgen m-af tho 

evatrH of tnur^t, b«l »»t waWniwit to ««bttw with Ut» iron, Ttw former, a« a nnn h 
Ughbitr gkewni, MMKHmtlM«d tl dw ««rf«ee, wh«r» w« at the pr»«>nt t.n«» 

find alt «i 4 i«d eutupuaud* and mm a mwttii of from oxygen. Tht* give* t|m 
pntwildlUy not only tif nxplaimng in uewordanen with rmnn^jonir, theofcM the pm- 
dmnitmnee of oxygen cwnfumtnla t»n the Bttrfaee of lint earth, with the tm urrence of 
vumxiditmd iron m the interior of lha aarth and tn meteorite*, but ai*>> of timleretaiuling 
why th. ilmvity *4 tlm wlu-ln earth (over fi) i« far greater than that of Ui>- »•• t j ,l i<< 
cniit|ni»uig itn mint. And if all the j<mriling nigiimenia and th.-.,,,,:, (t r o. .'. it„n 
iltn Hii|i)Hiaiti>m that Urn kihi. rarth, and all tlm j 4 un t* ««■■». f-.rim**! of an ■ lemetilary 
hauwie»«M>ii» maw, fornntrly i "itn nurd of vajmmt ami gaeea) fm true, it must ha ad, 
milted that thn iutermr «<f the e<ulh ami other pi aunt* cn»ilaiii*n»« lathe (iMttutidiand) twi, 
whteh, hnwnver, in only foil id on iS,. mirfm » a* »nr* 4 it»». And Ihwn mmmU>g that 
onoUkiMi «« Urn bifwwnt* of iih,t«4» whmh have (trtuublmt to piMwa »,i to w»y 
Coring cyoliug (thw faM bw h«id to bn lbs «m« by tMdf«MHi% Jw%tog fmn the imlhA. 






IRON, COBALT AND NICKEL 


319 


the doctrine concerning meteorites, and therefore the fact of their 
containing rocky (siliceous) matter and metallio iron shows that outside 
the earth the elements and their aggregation aro in some dogrec the 
same as upon tho oarth itself. 

The most widely diffused terrestrial compound of iron is iron 
bisulphido, FoS 2 , or iron pyrites. It occurs in formations of both 
aqueous and igneous origin, and sometimes in enormous masses. It is 
a substance having a greyish-yellow colour, with a metallic lustre, and a 
specific gravity of D‘0 ; it crystallises in tho rogulan system. 2 b!s 

Tho oxidos aro tho principal ores used for producing metallic iron. 
Tho majority of tho ores contain ferric oxide, Fo a 0 3l oithor in a 
Iroo state or combined with water, or else in combination with ferrous 
oxido, FoO Tho species and varieties of iron ores aro numerous and 
diverso. Ferric oxido in a separate form appears sometimes ns crystals 
of tho rhombohedrio system, having a metallic lustre and greyish stool 
colour ; they arc brittle, ami form a red powder, specific gravity about 
£>•25. Ferric oxido in typo of oxidation and properties resembles 
alumina ; it is, however, although with difficulty, soluble in acids oven 
when anhydrous. Tho crystalline oxido boars tho name of specular 
iron ore, but forric oxido most often occurs in a non-crystalline form, 
in masses having a rod fracture, and is then known as ml lurmalite. 
In this form, however, it is rather a rare ore, and is principally found 
in veins. Tho hydrates of ferric oxide, ferric hydroxides, 3 are most 

ot aerolites), it la readily undrr*t<>nd why they should bn commun'd of metallic 
iron, and Mila would ctxplaitt Uw iiauneiirti In tins depths of tho earth, which wa 
assumed as tho hauls of our theory o( tho formation of naphtha {Chapter VIII., Notes 
67 - 60 ). 

,ll| » Immunise deposits of Iran pyrites are known In various parts of Russia. On the 
river Mala, near BorovlUi, thousand# of tons art yearly collected from the detritus of 
the neighbouring rocks. In the Government* of Toula, Iliasan, and in the Poricls district 
continuous layers of pyrites occur among the coal seam*. Very thick beds of pyrites 
aro also known in many pnrta of tlm Caucasus, But tlu» dcpnnttu of the Bruin arc par* 

tieulutly vast, and have ... worked fur u Jung time. Anu'tipl theu, I w di only uidicuto 

the dcpuHtltt tut the Hnytticieiky cntntn mar the Keihtrine.hy wntku; the Kslclinsky 
dcpH iiti tit'ivr tint Vtilmv bd-kv w.>tlm (t ..itlithiing 1 -U p r. t'it); nit the haulm nf tho 
river Kmi ihitivl near Kmidivt tn fl pc. V»\, and the depmtt't i». ar the li. .hanky 
works (»-r. p r Cu). Ifnti pyrites (mpc» tally llmt containing copper who h ta cvlrucUtd 
after ruastntR) is rmw chiefly employed for roasting, as a s»*urce *.f HO, fur the tnanufac* 
ture of chamber eulphurm acid (V’ul. 1 p. ail), but the remaining etude of Iron Is par* 
fectly suitable for emtlUug Into pig iron, although ft fives a sulphurous ptf Iron (the 
sulphur may be easily removed hy subsequent treatment, •specially with the aid of 
term manganese in Reguemer’s process). The great technical Importance of Iren pyrites 
lead* t<> it *i Bometime# being Imported from great distances; for Instance, mm Kit,: I .mil 
front Hptiin. Besides which, when heated in closed retort# PcB, gives sulphur, end li 
allowed to oxidise in damp air, green vitriol, FrHO,, 

* The hydrated ferric oxide is found in nature irt a dual form It la somewhat rarely 
met with In the form of a crystalloid mineral called gOthitu, whoso specific gravity |i #*4 

*c 




fcrcwn /tamatilts ; they generally have a brown colour, formayellowbh* 
brown powder, and have no metallic lustre but nn earthy appearance. 
They easily dissolve in acids and diffuse through other formations, espo- 
cially elay« (for instance, ochre); they sometimes occur its roniform and 
similar masses, evidently of aqueous origin. Such are, for ina twice, 
the so-called bog or lake and'’peat ores found at the Itottom of marshes 
and lakes, and also under and in peat beds. This ore la formed from 
water’containing ferrous carbonate in solution, which, after absorbing 
oxygen, deposits ferric hydroxide. In rivers and springs, iron is found 
in solution a.»» ferrous carbonate through Urn agency, of carlxmio 
arid : beneo the existence of chalybeate apriugn containing 
Tliiu ferrous carbonate, or m’</< ii(-\ is either found an a uou-eryntalUno 
product of evidently aqueous origin, or um a eryiit.dline s.pw called 
tputhic iron ore, The roniform deposit** of the former am nunt re¬ 
markable j they are called aphttmudoritea, and sometimes form whole 
strata in the jurasnfe and carboniferous formations. Mtpjnetiet 
mm ore, T'»* J 0 4 a FuO.FVgOj, in virtue of its purity and practical 
use,s, i« a very' imjHU't'.Uit ore; it is a compouni} of tho ferroim and 
ferric oxide.!, is naturally magnetic, lm: a (specific gravity of .'el, 
cry-tullincH in well formed crystal;! of the regular nynlem, in with ditli- 
xjulty nuluhUi in acids, and sometimes forms enormous mass##, mi, fur 
instance, Mount lllagrxUt in the Ural., However, in moat <uwa—for 
Instance, at Koimk-Mogila (to the north of llerdianak and Ktigaiska, 
near the Sen, of Azov), or at Krivoi ling(t» the we?»t of Kkutorino-da* ) — 
the magnetic iron ore is mixed with other iron ores. In the l ! ia) >, tho 
C’nuriu.ti*! (wit laxit meet inning Siberia), end ill the dint riot a adjoining the 
basin of the 1 ton, Itu-oia po-.rie-se i tin* ri» best ir«m ore s m the world. 
To the ■.outli of Mo , OW, in t lie t I*eeminent > of Toula and Nijui- 
Itovgoiod, it! the ( lionet.' ib 1 1 jet, and in the U-e ertimenf of l * j 1,itl’-Jty 
(war Ziuoviel!' in the di-ttrn t of Kroin .ly ), am! in in my other pluetvj, 
there aim likewise abumlnni supplies of iron ores anmngnt, thede)H»aiUxl 
aqueous formations ; the ishWite of OrUttlsky, for instem?#, kt di«- 
tinguhdmd by its groat purity^ 


freutiwllj 1 fniirel a» brown iren»l*»iw, forming n «teuw imm <•? fllirwtii, 
rolnfeOH it«'p,»-i||a nnit-Ulitug StVjO^atJfCK™lJn*t !*, ten to# * «••inj, .alt. -ji J\»,H < >, In 
l«i|{ mi«i iiinl nilu r miinlur ono »i* iiinal «fO'ii flrot a ii.ntiid <•( il<n l.i I ?< n,. • o.lo 
Writ* > luy and other iitijiiltilti-^. He’ «{•«'«. .He ,4 ,«■ )l J> uimO i.a h mi - 5 ) m l«gl* 

a* 4 0. 

4 The ©res <>t ir*'ti, njtmluily 0, nit «t>4- -l.eic, ■>, *ti.e t. 4 It w imu cunt »n» 

worked aewnlmg t«i tmuint-; pra*n>*< t*y ium.h ,< oam at, htoosiUI, »>r J*t*4»&i#4 
shaft* which tmA mat pcmetmle lh« 'c'lie* <o»t ®U»l* th« «<m 

Tint raw* of ore o*e»vst«d is r«»w»I U) the Ui«n sertai etiWr t»j towel vt aUa to 
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Iron is also found in the form of various other compounds—for 
instance, in oertain silicates, and also in some phosphates ; but these 
forms are comparatively rare in nature in a pure state, and have not 
tbo industrial importance of those natural compounds of iron pre¬ 
viously mentioned. In small quantities iron enters into the composi¬ 
tion of every kind of soil and all rocky formations. As ferrous oxide, 
FeO, is isomorphous with magnesia, and forrio oxide, Fo 4 O a , with 



vegetation, still plants do not flourish without iron j it enters as an 
indispensable component into the composition of all higher orgmismt j 
in the ash of plants we always find more or loss of its compounds. It 
also occurs in blood, and forms one of the colouring matters in it; 
100 parts of tho blood of tbo highest organisms contain about 0‘05 of iron. 

The reduction of tho orca of iron into metallic iron is in prin¬ 
ciple very simple, because when tho oxides of iron are strongly heated 
with charcoal, hydrogen, carbonic oxide, and other reducing agents, 8 
they easily give metallic iron. But the matter is rendered more 



* The rtduoUita of iron oxide* by hydrogen Wong* to the order at rtjvrr»ihl*» r*» 
Actions (Chepter It.), and i« therefore determined by a limit whioh Si b«*r# expramd 
by the Altil(un«nl of the www pnaiuro m in Uw ca m wh*ws hydregwn sets on Uuo 
csdds#, and m in the mm wfa#» (it th« smt IvmpKitwr*) water w &w*mpsmd by 

lauteUlo Iron. The «&ukM»s wtonlag to tilts matter www b» 4» by ftewl iidsts^CWra 

Defttte (1870). Spongy Iron m pkeei In a tube hiving a tamptrilsrw f, on* «*d of 
wWeh WR# wmneeted with a vamSI wwtetalng water it tr (vApuur tew#k« •* 4 mm.) 
and tlui other end with a memtiry pump And premium gang* win. h detnrenomi Um 
Uniillrig UntHi.m Attnlued by tho dry hydr^on |> (Bubtia.-Un^ thu temu*>n »l the water 
vajM.ur fr.nn Uu> tonan>n id.M>rvrd) A tnU’ «#j limn tain it ruilawmig am ntcMS «I tf*>a 
oxide. It wm flll»d wstli hydown. and lUt> ten»t<>u p, id**er*od id Um» residual hydfifjfeJ* 
when tlw water wm ci.mUuiepd pi is’. 

t ™ mr' no" rm' io«r 

f «. m V it a tun 91 turn . 

jt,«» — It a §4 wok 

The tqoalfty ©f tbs pemmm (tendbn) of the hy4r«^*n to th* t•# mmm Is eM&mi* Th* 
hydrogen her# Wh*v«t lttei the up*? of item «r #f it* aside. 

fly tafeluif ferrte otMerved that it ®8d* it §«wi«#4 info 

warmin' !■*•/>„ At Wf* Into ©«§si#, F«f>, *nd «t Wtr' list*. t1 -n» 

bright and Luff (teW, whdat inv«atig»tmg the r#dttcls«n» of mi4«\ (>««•! list !-»| Itm 
tMtpwwtWA ©f rmetu» depend* w» the r-wiitteft of Um **si4*» Uh«n—f«f uwi«Jt«l 
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difficult by the faot that the Iron does not melt at the heat developed 
by the combustion o£ tho charcoal, and therefore it doe* not separate 
from those mechanically mixed impurities which are found in the iron 
ore. This is obviated by the following very remarkable property of 
iron : at a high Umqtornturo it is capable of combining with a small 
quantity (from 2 to 5 p.e) of carbon, and then forum nut inm, which 
easily mdts in the heat developed by the com bullion of t*harc«»l in air. 
Per this reason metallic iron i» not obtained directly from the ore, but 
is only formed after tho further treatment of tho east iron j the first 
product extracted from tho ore tx<i»g emit iron. The fumxl mans di»* 
poses itself in the furnace below the flag- that, is, the impurities of the 
ore fused by the heat of the furnace, If theca impurities did not fuse 
they would block up the furnaee in which the ore wiu» bring smelled, 
and the continuous smelting of tho cant iron would not W jmsaiblo ;* 
it would bo noeett&ry periodically to eool the furnace nud heat it up 
again, which meant* a wasteful axptmdtture of fuel, and tome® to tlb» 
production of coat iron, the object in view It to obtain all the earthy 
impurities of the or© in the shape of a fused nmwt or akg. Only 
in rare eases does the ore itself form a trnwei which fu»ea at the 
temperature employed, and these cases are objectionable if much 
oxide is carried away in the slag, Tho impurities of the ores moot 
often consist of certain mixture**—for instants a mixture of eky and 
•and, or a mixture of limestou® and clay, or quarts, tie. Them# 

proeipltakid f«rin oxide in whim! by hydrotfi*n at wv, that obuhnl by . *■ Iming tf»* 
metal or from its nitrata at 178*; (M whan i'liter fi'inhli"tm «r« tie* awne* ir.lu. n»t* 
by enrbonie oxidn et»n,mt>n«ea earlier than that by bv4»..,;rsi, »,>4 tl»« r*.- !•, t, faf 

hydrogen still earlier titan that by ilure*>Al, {.) the r*-4u*t,. n i# rK«. ml *> 4h 
facility wlion a grenter ijiuttstily of heal iu ,n.>U,*.( 4m.t,,; i)u* rra. (, •>* t Vn»<" usm)® 
oblmiii'i! by hciituig ferrmo, miIj.ImU !■* 4 r«4 h< «l b« gnu t,< 1.. n-In, <4 br t*rt»wM 
oxide nt Jtl'J !*V livh.'get* »! br ' hut, . aI nt 4.So , whilst }■ t ,.1.4*5, | V 3 t» w 

tho U'linairtttuo'it at« Unit Unitnt,4 4,'n »raj,r, u?ch 

® Tim l»riiu<Iiv« iiti th"4s >4 it,,tt in u»ti?«s« into *,« »o i ,>n4ti<!».( by t?i!r-rsr,iliiatt5 
eetJWM i« hearths resembling w«»ih»‘ rite* A« i »<4»u. ^ 1 by Ills, uitini«rruin«f 
ot th© it U**un heller, of llw procwHi of lima h«r«n«if, and llw f"#»g»fmtsis8i <u»4 

OOndanwAtea of sulptawte wH*l <*r lb# ■utelltog of t#»i s **»ry 

proms bmomm UMStmrfagly pro&tahhi mA tumpM* ©niter lte» mmArn..m »f ih* 
Mmioai mUor, ute© paMribte, of *U rntmukm <emmnw4 to llw Tbi* 

oonfcinHoaa msthod of it 11* ftr«t wmAtUtm ter tte» twofteabte 

on tluj largo soda of nearly all imtowtrial iwlwte, Thi* m**b*4 Urn*** tim <4 
labour, wimjiliflex th« mitwrvtaiutt of tlm wnrk, iwittef* li*» j«f*al«»ri utiitm, «*4 fe*, 
qactilly intriwlmim a very gr.-al m ..msay iu llw et{«».htur« <4 M»i4 ai the *+,»*> Umm 
presents the simj.lii ily and j«.rfwU"a of an cquilibrat^t !Ki. e c «,| 

.•faoturing oiiemtion shmilil lm a r.,ntiint'iu» «,rie. an>! the n>*i nf*. im« ■! j ,* ,»,« 
txdphnno acid, which have long »m<e brscnw iw, may 1m „ d a »sflWi|4e» w <nw$tf 
•Wp**t*« A study of tlume Iwo tnanufat aliouht form (tie of im 

neqtmlntimen with all th# contomiiwiwry itwlbula of m«»ebrt«fiii 4 tolb tMH « tell*' 
nl«J and mmmktti potot of vtvw. 
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impurities do not separate of themselves, or do not fuse. The difficulty 
of the industry lies in forming an easily-fusible slag, into which the 
whole of the foreign matter of the ore would pass and flow down to the 
bottom of the furnace above the heavietreast iron. This is effected by 
mixing certain fiums with the ore and charooah A flux is a substance 
whioh, when mixed with the foreign matter of the ore, forms a fusible 
vitreous mass or slag. The flux used for silica is limestone with clay; 
for limostono a definite quantity of silica is used, the best procedure 

having been arrived at by experiment and by long practice in iron 

smelting and other metallurgical processes* 7 

Thus the following materials have to be Introduced into the furnaoe 

where the smelting of the iron ore is carried on : (1) the iron ore, 

oomposed of oxide of iron and foreign matter; (2) the flux required to 

form a fusible slag with the foreign matter j (3) the oarbon whioh is 
necessary (a) for reducing, (l>) for combining with the reduced iron 
to form cast iron, (c.) principally for tho purpose of combustion and 
the boat generated thereby, necessary not only for reducing tho iron 
and transforming it into cast iron, but also for molting tho slag, a« well 
as the oast iron—-and (4) the air necessary for the combustion of the 
ohorooal. Tho air is introduced after a preparatory heating in order to 
economise fuel and to obtain tho highest temperature. Tho air is 
forced in under pressure by moans of a social blast arrangement. 
Tide permits of an exact regulation of the heat and rate of smelting. 
All those component parts necessary for tho smelting of iron muut lie 
contained in a vertical, that is, tkaft fumact t, which at tho base must 
have a receptacle for tho accumulation of tho slag and cast Iron fo’roed, 
in order that the operation may proceed without interruption. The 
walls of such r furnaoe ought to be built of fireproof materials if it be 

? The Mnpwitte of d»f SHHabla few farms ntlting most often appi>i»*?Kw the 

following) M to M fM», BJOf, S to 10 AlgO* the ml of the boms oonalsUng of MgO, 
0»,0 ( M»0, FsO. Thai the mart fusltda slag (according to the oh®#rwUow* uf 
Jlwlrtmtiri) contain* tho alloy Ah0 3l 4CiiQ l 78iO,' On filtering the quantity of magne*!* 
anil hum, and rmjHx-ially of thn nlkahtf (whli’h increoaM Uu> fumbdity) and of' win* 
(which (locrt'ttBna it). Hi*. n>iii)H'ralnr<’>'f funi"ii changes with tho relation teitwmm th« total 
quantity of oty^m and that iti Urn mil***. Bla,;» of Uin c.iinjtomtinti) IU J ,H»* I, are coolly 
fowitifo, have a. vt(u«iua uiq»e«urMi<'*», and ttr« very nmiMimi, H«*«Uo el*m« ajq.r.'O* h tho 
ornnpoailnm gUO.HtO,. Jlonm, knowing the <juui{n«nlnm and quwilsly *4 th« foreign 
matter in the t*y», it I* «t r»w«» easy to find the quantity and quality *»f tho fttft wbreh 
nmt be added to form a suitable al»g. Thm BuwStmg of im» la muter**! mmm eomptex 
by tbs fast that Ibe stttea, ifO* which enter* tote the sting and #w*» i« eapsUs ef 
fog a d«f with tbs iron oxide*. t» order that tbs fowl qaaatitf el item may pas* into 
th» dog, it 1st necessary for It to t» redtmed before the tempmAare l« attained at »l««sh 
tho slug* am formod (§l»#t KtOO*), which fa affected by redselng tbs font, not With 
coal itonlf, hut w,Ui oorWnUt oxbte. fmm this It will for enderstoral h«w th« 1*1 a of 
dm whole treatment w»f be judged by tb» propsrttwa of th» ItoUd* *4 ibis 

somplisated owl wefl-siudied eMtijeel wtU he found to work* on tneUUiugy. 
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designed to sorvotor thtvcrmtinuous production of cast iron by charging 
the ore, fuel, and flux into the mouth of the furnitre, forcing a Want of 
air into the lower part, and running out the molten iron and nlag from 
below. The whole operation is conducted in funmctM known tut bittit 
A mttcr*. Tho annexed illustration, %, 9U (whirlt ia taken hy kind 
portuuwion from Thorpe's Dictionary of Applied Chemiatry), rcpre«,<ut$ 
tbfi vertical section of such a furnace. These furnaces aro generally 
of large dimensions—varying from HO to 90 fwt in height. They are 
sometimes built against rising ground in order to itflhrd easy iuwim to 
tlm top where the ore, flux, and charcoal or coke are charged. 9 

* Tit*. Bnclt.iu i.f it 14»«t furmun i» r.'j‘ni»t»nt*nt hy tn.» tntmMtot n-.iioa j.ane.l at tli«*tf 
fiAx-a, t!it» iij.jHir r.'*u> l-i'isij.; I.'tv.'r tl<*. loner , ll..-- h.a> i . >•'<»' «•> t«-rtii»u»U«l hy 
lh«< lir-rurth, <*1 ulmafit r>lin.lti> .4 a. tty III who H the * »&l itoit ul.4 til.irf rolleil, rttlU 
(Utlo tmttiK With 0 }«.tUu»-is fei .hawing nil 111 .. |||'!| ami nla,'. Tim ui’ 13 

J*tb> the hU»t fiirmu'o tin.-tn-’lt >4 {*ijira, •iiuaio.l .a.a tin' t.«-«Oli. >.a m thn 

Motion. The Mr {irt>riuu*ly j.A»B«a through * «f mat iron In <*l»4 hy llt«* 

ormibuntion ef the wlxtuti usi4« obtAiurxt fr«w the upper jnutn of the f»row®, whew 
it ii formed h in a 'jpa-prodttwr.' Th» Wsm»I ftmukcw net* eenttnaounly until it i» wont 
out: the iron in tApped off twU'n-ft. day, *tt4 the funt*c« t« to r««4 k htllu from 

time to limn m an not US to spoilt hy the inttrintmug beat, tout to ensile it to with»t*»4 
long unAgu. 

lllnot fionacm wurltml with i'har<’"4 fim! nrc n><l sm Ingh, a tel tr» guttural gii*» A 
Kniutlnr yirhl limn those tlfting roto, toi'am-m thn Uttri mo w. thul With h> n t > Uas**e# 
than ijjunn ui whl.'lt rlmti i'il la »mj lot.4 l‘. to fitrua.'oa y u44 «ii.ihm» losm tun! i.n.f «jf j.ij| 

iron ® year. lit the Uiul*>4 Hiale* lltpro «»«» hla*l (titiwo* tie m4ir» high, iua4 upwards 
of WKi rstthtc metre*papwnly, yielding aiMnehM I 80 .WW bm« of pig iron, requiring n hla*k 
of About I’M otthlo tn«tr®» of mr jwr* uttnuhi, h«*l*4 tn'tW", uud oi.h#tu«in^ uUutt u «S 
put of r»k» |«*r \ put of iron At lit** jire»*»til time tin* world j»r»»hii «>» n» 

tuttoh us Sil uiUliou ton* of pig uwt a. year, oIh.uI of whu h ia ronvorte.l into wn.iij^ht 
iron ur»l kl»n»l. Tit# chief J*rt«lup»r«i lh*> thnto.l lU»l*.a inh -nt 1 <* imlh ti * y. *r) 
tunl K igUml (ahotit U rmlliun l»ti« a year), Ilimai* yu-Ua «l» ul t| 10 .K. 11 ! s.t « ).*f. 
Tlu> W *rhl'# prc.ilm tii'ii Ima .1. ithh-.t 1 I 111114 F Iho Inat Mil yp»r», »>* 1 im Our ie»jr. ! Hi# 
lholml Hlrtt* a lm »0 i.titimi *11 t iller. niii,trn a 'I'l.o r> n < f tlua m-«« . I pi> >hi« i»>*a 

(Ittlal h>’ ! •''h.'.l f.'t til t!.«- Hi. t<-4a«>.l i|pIUi) 1 ..| h r il -it cr.pl nl. «.| f.'tr J>iiH~.aot » 4 f..C 

elm. till. * t« ',(«•. milt t.!..|i h.nl.im,;). «...l in l|... fnl that (.!)" Itu. . .jl .4 pig tt.'ti h<W 
fklh'll, thaliha h» tin' »»• 1 t.. i. t.f lui r '.i fiti|i«> . a at.,j a, {tti|. r *ln>ly .-f Him J■». •> rasps taliifig 
l4*rl*« HI Iht’fil. ftl.-l <> S that nut) luu4 . ! II 11 . IP t* «. h aillj Intr-na 4 n,| j.J., »j h<-t|i|. t t-*tt 
Knw ho f«>il%etle4 li.t.< a li"fn' ^cnr..titt el.. I 

llliiltlur l*t Uttirw Uiooiughly Um <hrimi«t t»l..i|« lakes |4.v r. n> 14a»4 

fartwesit, it to f>4h)W Utn r«nr» •<! Ill# «4*®jj|*.4 >i< #t U.» 1 j< ni.4 »»| 

*thu sir gwMttg thKHtgli thu funMou. FrwH SO U *w |«rl« «f t »r*> e»f«=n le.l n« 1**0 
puts of lr»w. Th* W» t fltt*, <ut4 tlttltn «* ch*rgw4 into the k«p «4 ll»*» o, m 

Sutyar*. m tho CM* fttrutml in IS» lower parts ami down to tfe# toil on 

UAUkt*# Uts »hi4» r**ut#ftt» »f tin* fumAou In Autonte, ihuw f>>rttiiri|| an »»pty *{»«•• at 
th» top, wlttrli ik Again flUwt ttp with lit** »h»f» tt»»nli«»n«’4 mature Ihsfm^ il® 4 «»m» 
ward r«ur*k lhi« tiitxturn Ik kiihjoclwl In itu r*>*anti; Imat Tin# o®*> i t I«-«»*| rralttfs 
first ilnvp® i<lf Ui« timisturn *4 the ore uuklurr, ni.<l then h *-ls i.< ili«> t ■u.,*’.. •« of 
tho prediu U of lh« ilty «hal4Ut.un of «t.»| .*r char, .ail l..iit«* 1 1 l u*.. ti.<> 

BW»S AttAIUM A tnni}««t 0 lltt»> ul »hl> ll tl|» Itralr.l « mh.iii rea.'la W till H.o • a> I . ».n «Uihy»lri*te 
pUHriBg UpWArfik through lll<* furim**. hIi.I ItanafoMiiB ll lulu I a»h lui- otoie Tb«« li 
tfe# why surbotUo wtitydtole t» t>ot et..l*r.l (t->m lh« fnf« 4 *», hut only toutonis 

o*14». Aa rsfuds ths ew lt»olf, im U* fUJO" l«* «w« 4 tut {nulki!.**) al 

®l On ths tarnKCu, unit f«t#»<e*l hy the rt4»te«4 t»f 
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The cast iron formed in blast furnaces is not always of the same 
quality. When slowly cooled it is soft, has a grey colour, and is not. 

tho oarbonio anhydride with the mcandeaoont charcoal, so that tho roduetion in the blast 
fumaco is without doubt brought about by the formation and decomposition of carbonic 
oxide and not by carbon itself—thus, Fe 3 0 5 + 8C0«Fe a -i-8C0 ! j. Tho roduced iron, on 
furthor subsidonoo and oontaot with oarbon, forms cast iron, which flows to the bottom 
of the furnace. In thoso lower layers, whoro tho temforaturo is highest (about 1,800°), 



Tie, PS,—-Vertical wet lull nf a ni’"lrrit ( ‘tnVi’Injiil ftiriinrn l aiwl'lr t-l l>ri>ltlc'tliK SH*n tn um» 
of t>ltf Iron weekly. Tlir I’Ult t faeltW l« nf rlvrtr4 (inn iilalra. tt,«. ft,morn I’tlltg IIttr*l will, re¬ 
fractory tlrt* Inrlea, H Is rt.wil at lint t*>|« l>y tv ’ rnjt tttul emir * atrstt|{<*i„ii„l, \,y t>iran« i>t which 
the oUarga etut tw foil Into the lumare at suiuttle Intervals hy lowering tlw muveable c«»e. 

the tortign matter of the ore finally forms stag, which also it fttalbk, with tho aid of 

flv»x#a The air blown in from Mew, through the •o*c*M«l tuyeres, imaomitsra owtxm 
In the tower layers of the and burns it, m»rhfl| it into oarbanio imhydrido 

It In evident lliat this develops the hlghatt tempers turn in these lower layers of the 
furnace, Ihwsumi twre the eomburtlon of the oarbon la offnated by beatod and compressed 
air. This is very essential, for it is by virtue of this high temperature that the 
proMM of forming the &kg and of forming and fusing the ea#t iron are e (footed 
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©oxnpletdy aolable in Midi. When treated with ftdda ft wmklue at 
gmphito ttniuuns ; it ia known m tjwty or eoffe east iron. This is the* 
gmjora.1 form of the ordinary cant iron ui»l for canting various object#, 
bnemjsn in this state it is not, m brittle m in the tdmpo of white rast 
iron, which dmnt not lwvvn particles of graphite when dbwvulvcd, hut 
yields its eitrlxm in the form of hydrocarbon#. This white nut iron 
ii oUaraoterlaod hy its wlntiah-gtvy colour, dull luatrn, the cry*talHn« 
itruoturo of its fracture (more hotnngcnnmut than that of grey iron), and 
such Imnlneim that a file will lumlly cut it. When white c.u*t ir<m i# 
prtidncud (from mangnnem> ofe) at high temperature.* (ami with Mi »>*■ 
ccss of lime), and containing little sulphur and silica but a coirndwnhln 
amount of carbon (a# much an 5 j».c ), it. acquires a ooaiw eryatalUnn 
structure winch iurnwuMw in proportion to the amount of manganemi, 
ftrtd it is than known under the tuiutu of * npiegchnwro * (and * term- 
roangjutiw® *).* 

(dmultertecasty to tone town” portisrtM of the f«mse<*. Tb* earbawfe *#14 fares*! in 
(been parts rises hitfttar, twenntera lRr»wl»66«»t mrhtm, and farm* with It rarhuiue 
osi'le. 'Das fo«l*4 rartenie n*i<l» «*•!« m a nwtoifijf a*p>sit **n th** iron or®, a»»4 t» re- 
Ctmvrrte t hy it inti r*rlw*ttirt nnhyilridp; tht* gam monte with *».•«■« root 

(utum rertenh’ wbirh n+;*ni seta n« * r^lMriti te » n^ent. Tit** fluid lrnjM«rmatinu 
ttf Ui® rftttemn milijrilotin into c«t«,sii>' i» e<f»ol»4 iu th,«,o j**rS# *4 th» fun***** 

store th* 9 frit action i»f tbs ©ii*le» of rf«n it«>i not tell* pteee, btil wh*r** the toni|»er*ltir*‘ 
til 8tUt Wgh to r*§iw» to iwtete «fcj<t*il4s» Tfc* w mmM®§ nurture of 

•utonift arid* and ftilttfpm Co 4 , *r, t» tow witotrawn through epeetel kl«r»l 
sportem fert&ftd in to upper «44 ptrto «f to fumum natt*, mmI 4* through 

pipe* to town store# whfesh mw wmd far heating to air, *»4 *}#« sometime* i*»t» other 
Inmiam «#e4 for to farther prtmmm of Iron unumtetnre. The fw**t of t.W*sfumai** 
©en«i#t* of wood eh&rca*] (to* is to mostexpensive m»t#rt»t, but 0>« r< t ; •»•■»» j*m 
dueed iw to (mrest, bees tow char coat it«s* w»l c««t*in any •ulphni, wiui«. ,,h» 4**0*), 
anthracite (for itwintiw, ill retinsyjrants, stt<l in liuseiA ttt t , «»l«ntc4t'® %,.,,lsa m t>Mt 
Xh*n «l»9tr»li, rottfl, font, sini mm% w««l nunl It rmist V*» k*mo in fmiol th«,t the 

uUteidion of i»|,titI«A nixl naphtha refuse w»ukl prohatdy giro very proiltohU results 
it) nieleUllrh’O'sl 

The proep»B Jtist tteurfiteiit is orooftifflMiinti t>y a wwrte* of Other pr»*»an;« Tto»«, for 
instsnro, in tim 14set fnn»*r» m ««t»wsWst*l®i iptaatily of rysno^eu roinjminots are f.<r«»4. 

\*km ptw« to« n*te<»n of itie air t4a*l i«iU< »:».nWt with in. iio 

4ewnl car tea *a«t Tarfam* alhotine w»tl**r# r«<ni*|j«»l in tlw U»trigu Rwlhr of the <•*»» 

A ntmsktemht# «|mntity «sf patotonm is fimtHw) whwn w«»4 rhwm^j t® wn{4«|*4 

let In* ttikM&i* rieh la potash. 

e Ttai njpmi&ti gNttrtiy erf white e*»t u,*n is tout? I, tlr«f cssft irtm km a mmb Saw*? 
gpmMte> piififcy, taamAy, ?0. Or*y ©sat iron gw»«m!tf nnnteins Wm mmy^mrnm «n4 
»w*r« rijica than whitei t»«t both cnatein from 8 Ut 8 pc «rf The 4Si#r®««# 

Wiween t)i« VarietUf# of emit iron il»|«i,it« on the r«<n<hn, >n of tho whoh 

•ntet* into the {mni{*i«ltmn of tl,» lr«n. In wixte rut turn U»o is is, r. «st. s n»ti«a 

With Un> lurtl- iw nil |>f»4»atiij|ly, an the ownl-. ,nii<t i 'J V, (A l-o| n.j.4 l *>;■>, •),<( slot olHofM 
•Khnteksl Una c%*»ii|K.Miul, whs.-l, t« Ko:u,l,i,ir« raiieij *r3fii4n,' tttee), 

^WA s tead s to UUWvHwrfeit *Wt m white rs»t >\<ma I, )>nl |»f|i*|sa in lit# eitl* 

ftlSft IftAsto lte oh«wicat e«s*«|Mt»»n4 ir*nmt'io.^ a, «»,tuiu.tu. In any t mm tte «nafoatn4«»f 
tosIbMSS^ltMtften 4ft white rw»t irwi *• rh*>mrsliy very nmOnhle. 4*» >«m when stovty 
•soted II d Mo mp ot m , with td gw^iite, fust m ft Wte» Slowly eMtel 
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Cast iron is a material -which is either suitable for direct application 
for casting in moulds or olse for working up into wrought iron and 
eteel. Tho latter principally differ from cast iron in their containing 
less carbon—thus, stoel contains from 1 p.c. to 0-5 p.c. of carbon and 
far loss silicon and manganese than cast iron ; wrought iron does 
not generally oontain more than 0-25 p.c. of carbon and not more than 
0-25 p.c. of the other impuritios. Thus tho essence of tho working up 
of cast iron into steel and wrought iron consists in tho removal of tho 
greater part of tho onrbon and other elements, 8, P, Mn, Si, <Sio. This 
is effected by moans of oxidation, because tho oxygen of the atmosphere, 
oxidising tho iron at a high temperature, forms solid oxides with it j 
and the latter, coming into contaot with the oarbon contained in the 
cast iron, are deoxidised, forming wrought iron and carbonio oxide, 
whioh is evolved from the mass in a gaseous form. It is evident that 
tho oxidation must bo carried on with a molten mass in a state of 
agitation, so that tho oxygon of tho air in ay bo brought into contact 
with tho wluilo mass of carbon contained in tho cast iron, or else tho 
operation is offoctod by moans of tho addition of oxygon compounds 
of iron (oxides, ores, as in Martin's process). Cast iron molts much 
more oasily.than wrought iron and stool, and, therefore, as tho carbon 
separates, tho mass in tho furnaoo (in puddling) or hoarth (in tho 
blooifiory process) becomes more and more solid ; moreover the degree of 
hardness forms, to a certain extent, a measure of tho amount, o£ carbon 
separatist!, and tho operation may terminate either in the formation of 
stool or wrought iron. 10 In any case, tlm iron used for industrial pur- 

■yields a portion o( tho auhatawc dissolved. Tho separation ot enrhon in tho form of 
graphite on the conversion of wliite cant iron iuto {(toy is never complete, however slowly 
Use separation be carried on; part of the carbon remains in combination with tho 
iron in tho same state in whioh it exists in white oast iron. Hence when grey cast Iron is 
treated with acids, the whole of the oarbon does not remain in tho farm of graphite, bat a 
part of it is separated as hydrocarbons, which proves the existence of chemically-combined 
oarbon in grey east Iron. It is sufficient to re-melt grey oast iron and to cool it quickly to 
transform it into white cast iron. Xt is not carbon alone that influences tho properties of 
cast iron ; when it contains a considerable amount of snip) i nr, rank iron remains white 
even after having boon slowly cooled. Tho mimo is olmervinl in curt iron very « cli in 
manganese (fi to 7 p.c.), and in thin latter case the frm turn very distinctly crystalline 
ftnd brilliant. Whim emit iron contains a largo mnounl of manga iivso, the quantity at 
oarbon may also lm ineremuxl. Crystalline varieties of < ast iron m l, m manganese am in 
practice called feme manganese (p. 810), and are prepared fur tho Bessemer process. 
Orey oast iron not having an uniform structure is much mow Imbln U» various change* 
than dense and thoroughly uniform white east iron, and the latter oxidises much more 
slowly in air than the fanner. White oast iron is not only used for conversion Into wrought 
Iron and steel, bnt also in thaw asses where ipreat hardness is required, although It ba ac¬ 
companied by a certain brittleness, for instance, for making roller*, plough-sharos, Sic. 

•u This dirert process of separating tlm carbon from coat iron is termed puddling. It 
is conducted in reverberatory furnaces. Tlio cast iron is placed on tlm lssl of the 
fnrnaoe and melted; through a special aperture, the puddler stirs up Urn oxidising mosft 
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pose® contuln® impuritim. Chemically pure imn may H@ obtained by 
precipitating iron from a. solution (ft. mixture «< ferrous tulphato with 

of «?4 ir«n, llm nxnlra Into the molten imn. TM# rnewnbleti kneading doogb, 

@r»<l Ui« j»r»H**'S8 i*ilr*»tln« , r4 in Enjilmul l*»c«n»» known tut |>»44lmg. li l* «rf4«t tb*4 

th«> jmihUwl mivsft, or Mi*nni, (a n #ab*t*nn# uhleininl by mining, and 

hew® ot>« pari of the mat* will rtill t» r«h in carbon, another will b* §wr, mane parta 
wlU contain oxide nwl r*»ltt«s<*l, &t>. The farther of th« |‘«4>JI*«l»nst*4 e»>«*(*u 

in hummerlng wt drawing 14 out Into flat pien**, whkh «m Wing hammered her»m« 
more tmmogenrimn, anil when enverel piece* are w«4«lr4 together ami again h:u»tn>*r«4 
tmfc a etitl m»r« lu)mog*>n*»*tt# m*»n t» nhufnnth Thnipmhtf *4 Ui«> &W*4 nn<l imn than 
fnroir.l ilrjxittitn ptmrtpaliy *<n th»»r uniformity. The wa»ii of mittcrmity <U(wntU *m 

the remaining Itieilo th« »»««», «t»l «*U the variable 4 ,aUtL«li.;« rtf Uia carbon 

throughout 11 10 itinim In ir.lor (•. >4.lam a r; >m Is* metal for rn*s,Mfao 

I tiring ailirlr# r'tii ,4 ei»4, |l in iltaHit into thin r>4®, which are tied together in 
htunllen nn<i ihiit again li-nmm m4 i.ut Aa an «sa*si|>1o <4 what tway he attained in ibl# 
direction, tmiinti >« l>a»ii»»> n» et*»«4 m.-iy t« nt* l, it •-««.»!« s*f Iwuic.i »s*4 plaited 
Wirt*, whirls U then hammered ini.. a derive Ina.-a (Steal »l««s|*f»n@4 w«st« tl««l 
May be mode by melting a rm*t«r« of th« beat lr«>is anil* graphite (|^) end lr*m mat; 
the ftHtata §• then tmwW with arul, and the rati** mm*im in lh« f«mn «f « pattern) 
it#*! and wrought iron an» fr*>m«»®s in*» l»y pml4tl«5g, Tfe«| *#*,!»»« 

«t«f, tint Wlitf Iff this tneth «t bill **!«-< I f ll» hlt'timsrrtf pn>tfm» t »biek Ut ©Wfldl 

tKtl itt a fit* similar In m I4»rfe®«i*tl»‘a Id with et>4 |>r«nf(it«it with » btin*| | 

% pig of rswl tr>‘H in graduallj |>ii*lw*l into the •?», »«<1 |»-rtvin «4 it inrlt an I tdl t*» iHlft 
bottom *4 i!t» t**astii, t«t«* r> niewt with *»t «»? lsS»»t, as. I «*»> tl»n» ..*i.|!s*4 Tfeft 

Wiw«« tins® fonnml l» then »i|tie«sut asot n>*t. It is »»» l.nsst tl.al tin* f# 

only iw«ul*W» wtotn ll»» eliw*M!»l »»«4 in U» fire «W* iHlr-wtoii «ny t r*.ign in»iingt 
wbteh mmbk te|w» tlw» quality «4 ll»# tr»« m ***•!—#>*? tt»#u»w«, umiphm «>r i>b^pbrnM 
•~Ut& only ww4 ekiummA iuay bw ttaed witli fm*ss «I»kI* it f -11 jw» 

that thk pt&mm f*« only W «?t*rria>l tm where l!»*» *4 »«■■■« «-m l« 

#ftfe tM« M. Cmi mth» tlw (injoifitiae, ami wnul4 

tiMrefrwe ptfd^rm If** nf ® briltfa mittm, wwl tl»« II «n>»l4 1» twm»**sy t.. \m*% 
JTWXWWW t*» paddliag, where the fa»l i* btirwl «*n ■ a|.-*eial h«*rsh, emj-a**to from Uvn 
Mat fwa, whereby the impsifilr** «f the f»a( 4o fo4 *■«»«« intu with it flat 

WMittfaelttW »if »!»♦{ from ra*t nmf aim tm e«*mf»fA*»l in •<**»« but, in »*t itiioft t# 

till#, it let *l« tw*w |*r*{3*r®4 by many wlhef t»*thiola «li*« s-4 tha hmg kmo* pf*>re»amt 
if caJlml tvmput by wliieh ®t*r4 I# fnnw wrought iron but wit fr*<w e*«t 

faea. r.*r tin# {sfiurmw *4 trim «•»» r«4 l»<4 for « t»«#4l4*r*bJ« Imm wbtict 

tawrwl In powdered U*t>> npemtnm tb» tr«a »t the tamtm» mmmUmrn 

Wth lb® ettamsel, wbwls hmwmmu 4 «w# f»»» 4 r»t»i after tht* Urn tf«» #w»|>« »r» 

IS"ts«g«d < tlrtMrtt sat IU»4 ©wwMjWi nmm, tepeating tht* ptmmm ®nlil « *Wl *4 tbs 

4**t*»4 <sAtf U femwl tt**l K tie* fwfstid# | # ot r*rb«»i Tb« 

Mmmm pamwt wmt&m tbi* fe*»l i«A lim mum Hmtbml* issej; ft 

Hi*MMM *4 m tefMtar. ¥Ut mmmrnm is rmni^ 

im mwvmmm (W4i»g »Wt i %om *4 #w»t K »m *b*p<4 

*•**«■* H m$iM» M ve*edvtit)t «» tntMiteM f<a to #h**ip Im Dm 
tnm ttttl 4teb«^ th# &wll, s*4 » Mmm «f «tr *»»ll «^rt»r«i 

ft* ft en»«W#»W« pr#«Mt»» 04abBrt4» et tt» tnw «*4 mmUm «t tm %**&&» 

tera then Ube* phere, retailing from Ilia babtdee of ilsa* pa:*ct«al«iig lips RUMS 

trf tte* eft** bvft, Tb« eerie*, t*ow«r»r, bit rue |» ft gtmier **.!»a4 Uoui th* w«<a, «•§ 
ft ttUHti is tibUUna,) wbtrh In much p unrwr in rarte.n than uuS i*um A* tb# 
W Wl mto i very rojmUy in tb*> w***a t4 nwtal, lh» lawfwmtitr# tk*m t« m 

I#ll#w4 ttlftt•?«# th« wtw»fit| imn wturh ttury bn formed ttt«. rmdtim »#4lttna» 

ill fiwible tbiu* the ermtigitt tmm&im very ti*§»ltl U 

MK Mi ton tb® la wmAf, Tfe» p«**t prmaiUw ««*! it«m i» «mi la ft* 
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magnesium sulphate or ammonium cfiloride) by the prolonged action of 
a feeble galvanic current; the iron may be then obtained as a dense 

prooosfi, because sulphur and phosphorus do not bum out like carbon, silicon, and 
manganese. 

The presence of manganese enables the sulphur to bo removed with the slag, and the 
presence of Umo or magnesia, whioh are introduced Into tho lining of the converter. 



f(0. f>4.—IkwHiewer cimvrrter, emirtrurtwt rtf Iren pfnt# amt Ifnrtl with Rnnlster. Tho sir Is catvM 
by the tut**, t,, o, t> to tbs bottom, M, from which It pauses by a number of bote* lnb* tlm r (in¬ 
verter. Tbe converter 1st rotated an tho trunnion d by mean* of the rock sod ptolun H, when It 
It required either tu receive molten cast Iron from the mtiilag furnaow or to pour out the stwl. 

facllito-tee the removal ©f the phosphorus. This basis Bessemer prooese, or Thomas 
CWehrist proem, iatrodnoed about I860, enables ores containing a considerable amount 
"ti phosphorus, which had hitherto only been used for cast iron, to be used for making 
vrought iron and steel. Naturally tho greatest uniformity will bo obtained by re-melting 
th*i niotal Hteel is re-melted in small wind fumacon, In manses not exceeding 80 kilns; 
a liquid metal is ■which may Vm cast in mouhls. A p mixture of wrought and cast 

iron is often used for making rust elm) (tlm addition yf » small amount of metallic A1 
Improves the hoinogciieity of tho castiuga, hy farshlatilig tho pasottgo of the impurities 
into slag). Large alee] cuMtinga are made hy ttiuiultaneoue fusion in several furiitii'ea and 
orncihlea ; in this way, casting* up to HO Loti* or more, such a* largo ordnance, may bo 
made. This molten, and liwroforo humogensKiu*, atwl is called east itsel. Of late years 
the Martin's praam tar the manufaeturo of steal hoe ©owe largely into «#§ j it woe 
Invented in Prone* about l§®0, t»d with the *»# of regeneraHt# fonMOsstt f»«Ue« large 
quantities of oast steel to be made at a time. It it based tm the melting ot cast Iron with 
iron oxides and Iron Itaelf-—far instance, pure cm, swap, Sa There the carbon of the 
cast iron and tlm oxygen of the* oxide form earhook) oxide, and the carbon therefore 
burns out, ami lhu» cast steal t« obtained from east Iron, providing, naturally, that theta 
U a requisite proportion and corresponding degree cf heat. The advantage of this 









pfnr«*a» is thdi lt"f i-n’.v ii> t!w «arfaifl, aslsri-ss, «n4 nsMig.snrte-, l»)l »!*.» n fgtmsA |»rt d| 

lh». m!j Inn »s 4 | I ,>!}4s..r «.i *4 l?«« » »»t imu hin «*s»t at «!,« t.i|*sw«.{ lS,n » lygnyt «| i|(,@ 
trWl I lVi« fwrt «I«s«-»4p th*» f»!Mrtt!»rtt»r» i f »W| mu! it a »}pUrnlinft fkr 

twin, wt»«<*tr |4*U», gfiw, &*<•, ban «t»»eh'|wA l»> am ien.>rmi*M9 *■ jI-miV, ibatslrn fet 

lllrt itlVMlltott <4 rbrnfi |*Pi«•»««*» t<<f Ifso tn:Ulttf.V'ti»r« <4 Sa9j.ni 8«>»®s«a .if IninM^nrutatM 
<r*»l nbwil Wrnttgltl iron may »l*n ni» 1 t**i, b*»* tl** fee*! « M<s*i h?» n**.« >» mnutfirbwl 
fur Utlt It Ul ll*« 1 % »n*y ?• *4 t,»'.iw=»l Mi a tiu> U*» 

mMa 4i»f>-rlS| Sr- mi r»l ir»n, if tt**> l-« tn*St«l with in'.iow-.i! »nf!V .rittly illrtmln^, 

<\>sis, total )<> i>*i4.it»>-ii Him I ilsrs |4a. <- itt«u<|» llto l«Ma ■’! » *a*t *S< St. ««4 th« t*4»|s»*&lttut 
flat-a I « ell* it atj «»(«),{ Ill's! lit** wr» «,•!.? «»..« f.*ii>,c4 rantnlua ii jw -4 A Jtinttowl )» ^ 
in. »n f- * * Ma. »i>.g wj.-H'S.iit si s!| f*> m h* S» it* »»or®* bjr IS. a art*.* **! (cnttomia 

111 .- Wl . 1 ,.! 4 11 i» Is f <t lH*r-l B® A «***» imlmSt (* *IK»# *n • amUwHl 

filter (* ■! I m.f I» b* Wtttejl, (M»<l !..») S-® H. »W4 MJt into wrought rfi* > J #i«»l by 

forging < y 4i»»>4*l»lg 111 < a,** »?*'»> 

Kvorytxxlf I® t»ur« at t«w will* Um Ji+g****** m «/ »f##J *mmI 

trraugll (w* lt»m U f*mmik*hh tot tin »ufifM*n, |4ial*tls!y. mu 4 e»#4l efa^liaSty, wbltel 

W by It* «! if It t» 

tn>M »f»«w !«•*» b»*t»4 tw st <it, •« it fa 

tgmpmvi. lint if t#*H|Mrw) *tmel f»* r» h**f*s»l M*J #|n»S|' raw4*4, It t*8r»s«»®* turn fci'tt M 
wtruigfit w »4 rim lt*»» U rut w»ti» fSw C|« wwt »«*4 in «i*m hm m*fct 

bt iwi*mn« «sn| hh« wfnssglit It* n 1% tiw* «nlt «w*4<ti-*n if i* ndbht 

Tb» twisitss.ft fr> in f*» etool Utna S*A*» j-W« lii a Aimibwr «*y t« tba 

tisis;«5)*-*i troll) wbits) to jfrwf »'a«i ir«n blk* 

lfutiKt »n4 »»sJ« « Hm ilsat it fctiwr* « < k»| t.iji* lb lm«Mni 

#t«Wif nbriW* tl« of it* l'l»o |* 8 '^f 4 tllf o| «bw 4 

II l» b« mm& f*»f all &»«%»!« «| *1*111^ b*«s«i*»** »imi 

$m t»» imam {tw»4»»r *«!!•»•% t«t f«« inaki^g tail*, t»f«. »t« !, iS«4, 

#»., aa 4 ft et»f tbm fc» *m\ prd»fe«l. Tb« m*tSs<4 wvl twrnfa«r»tuHt 

ef &e4 it* b*nl»»«»» «m*4 «iW ttv»»| bi 

b» IIm f*^uir»4 4we«t»» *4 b«9t«*f®i in rtw» It <4 

fii-sst (for *«»!*»»<’», «|t t« «8i9-*'|, atj«| ihmt I»t4 »*4*r~"<bAi to, 

by tit iWn m ** tt t* i!mm« ImmA« 4 MtU 

tb» mttmm imbwmuba a «U>finit« s<.!™n*. ««t4 &n*Nf fs»4*4 et Awlf, 

Wh*n i« he«W4 8 |» to tlfr 1 , tl# 4 y»llow r«it«*ir tmlr#. 

Mb!, if lir#l »t nil brn^mm* #(»*-*(rnn»<r ».&?> I, w*-*! Itwn , UtMt 

Ak r *4 ##o” it br«>»n ll*»« n 4, lfc»» tight I4 «b *& SSi* 

lf»«a 4»4»fw nt &CW’ m* 4 finnJtly ntm «?•*•» n% nl*>x*t tW Ttmm emltmm 

mu mif tfw W»to «4 Utltt ftfoin, IA» tt# b«»« *4 »n IntMtbw, *»4 »« tl*» 

»IM 11 bf*# *«*rfN* (« bxntMbt mm «to *wnrt««#, 1^*4 rimto «mt* tt»*» 
mm0& fybib m 4 l» mwm fc Mbt« Hmw «m» »»«, i«A tiw* •** tl**** bwt. 

fit fMHfMr to tlMMlt f '♦ tf. 

A* ^IfWIMteNk «f M ft lw(t4W tibn PMMMK«( 

wwffeitem, Cftw» «!»*•€ 

wm 4 i» ttw pr*Mwa tilwlto, *tttel»» tot tb* rf Ifcn tHtretP* *4 Um» 

ttbr, fcrrm mnUlito «y««f4««i thnw bvictir m»4 f«nit>lr, lh» ir»m, *s4, 

tip lb»lf mmtIk* t« it, wfw «« lb® mnlctbU Uz lb« b^rm*li«*it *4 «W«l, Tfefi 
lae^kMbkm k *wfisu»»4 by tl» f*»i il» 9 ,t tlwec*! t*ilbn«i «t w*lb*s«t bi&mKft 

Ml tfoa. Tbn pltwriml bm»I f<*r »»«i»»«ta4hia net* b»>Hy wb»m Mbd «rr«r 

Afslb* tl ft t»s )«ss| tiUh Tb» **tf voUltl* wfimttntitH t l.Wii-lts Muity mw&mm h» Hm 
iMMMliMf <ft flM, AJNtoaffk *fcn«l to ttW f«o*i»4 by tlw mI #s 

wwwrtMtewlliiwifttlwfthflft mm tutwim «h* «r (mm I® 1 #! g>«4 m4 
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engaged on beating. This galvanio deposition of iron is used for 
making galvanoplastio dichdii, which are distinguished for their great 

thono latter contain it because their ores contain titanium, which combines directly with 

nitrogen. Hence the part played'by nitrogen in steel is but on Insignificant one. IS 

may be useful here to add some information token from Caron’s treatise concerning the 

influence of foreign matter on the quality of steel. The principal properties of steel u» 
those of tempering and annealing. The compounds of iron with silicon and boron have 
not these properties. They are more stable than the oarbon oompound, and this latter 
is capable of changing its properties; beoause the oarbon in it either enters into 
combination or else is disengaged, which determines the condition of hardness or softness 
of steal, os in white and grey east iron. When slowly oooled, steel splits up into a 
mixture of soft and oarburetted iron j but, nevertheless, the oarbon does not separate 
from the iron. If suoh steel be again heated, it forms a uniform compound, and hardens 
when rapidly cooled. If the same steel as before be taken and heated a long time, then, 
after being slowly oooled, it becomes much more soluble in aoid, and leaves a residue ot 
pure oarbon. This shows that tho combination between the oarbon and iron in steel 
becomes destroyed when subjected to beat, and the steal becomes iron mixed with 
carbon. Suoh burnt steel oannot ho tempered, hut may bo corrected by continued 
forging in a boated condition, wldoh lias the effect of redistributing tho oarbon equally 
throughout the whole mass. After tho forging, if the iron is pure and the carbon has 
not boon burnt out, stool ie ugain formed, wliiulr may bo tempered. If steel bo r<h 
poatodly or strongly boated, It becomes burnt through and cannot bo tempered or 
annealed; tho carbon separates from tho iron, and this is effected more easily if thft 
stool contains other impurities which are capable of forming etablo combinations with 
iron, such as silicon, sulphur, or phosphorus. If there be muesli silicon, it occupies the 
place of tlm oarbon, and thou ouutinuud {urging will not induce tho oarbon cnee 
Hopnmtml to ro-outer into combination. Huch etsul is easily burnt through hud oamiot 
bo i iinuctud; when burnt through, it tu hard and oaunot bo auneahal--this in tough 
stui'l, an inferior kind. Iron which coutaluu sulphur and phosphorus cwuienta badly, 
ciiinbiium but little with oarbou, and tiUiol of thin kiud is brittle, both hot and cold. 
Iron in combination with the above-mentioned substances oannot be annealed by alow 
cooling, showing that those compounds are more a table than those of oarbon and brunt 
amt tburoforc they prevent the formation of Urn latter. 8 nob metals as tin and duo 
oombinc with iron, but not with carbon, and form a brittle mass which oannot be 
annealed and is deleterious to steal. Manganese and tungsten, on the contrary, ore 
capable of combining with charcoal; they do not hinder the formation of steel, but arm 
ftmma the injurious ©Cteeta of other admixtures (by tranafonatag thus# admlwd «hb* 
etanoM into new compounds and elagi), and aw therefore raakwS with the tnbstenoM 
which not beneficially on steal j but, nevertheless, the beat steel, which is capable of 
renewing meat often Its primitive qualities after burning or hot forging, is tho [wrest. 
Thu addition of Nl, Or, W, and certain other nmtale to steel render* it very suitable for 
oevUin Bjii'dul purpoacu, and in therefore frequently made use of. 

It in worthy of attention that steel, besides temper, [kiseesaea manv variable 
properties, a review of which may b« made in tho claoetfiualiou of tho tt'rti <>f tied 
(1M7H, CiKkurull). (1) Very mild steel con touts from l> U& to 0 ttll p.o. of cartew, hrnak* 
witti a weight of 40 to 60 kiliHbper aqus.ro imUiowtro, and haa an ax tension of 80 to 
60 p,o,j It may be weblod, tike wrought mm, hut wmet be tempered *, is used In sheet* 
for boilers, armour plate and bridge#, nail*, rivets, da., a* a sabeiitete ter wrought iron j 
(9) mild tied, bom 0*80 to Chifl jun of mrbon, re^ttaxw* to te»#k»ti 80 to 60 W3«t, 
extension 18 to W pa, not easily welded, and tempers badly, used for axk*, raila, and 
railway tyres, for cannons and gnus, and tar parte of m aoh lnee destined to rwd»t bending 
and torsion; (8 hard tied, carbon 0*88 to 0 60 p.fc, brooking weight 60 to 70 kd*»« per 
square millimetre, extension 10 to 3.8 p.e., cannot be welded, takes a temper; used for 
rails, all kinds of springs, swords, parts of machinery In motion eabj©et#d to frietfani 







j; JtVAft 1 ! VJtik V***IMMM a 


hardness. Electro* deposited iron is brittle, but if heated (after the 
separation of the hydrogen) it Ixicoroes soft. If pure ferric hydroxide, 
which is easily prepared by the precipitation of solution* of forrie 
salts by means of ammonia, Ihj heated in a, stream of hydrogen, it 
forms, first of all, a dull black powder which ignites *|>ont4uu*ously In 
air (pyrophorio iron), and then a grey jKiwder of pure Iron, The 
powdery substance first obtained it an iron »ul«is,ido; when thrown 
into the air it Ignites, forming the oxide Po/V If the heating in 
hydrogen bo continued, more water and pure ir«*n, which does not 
ignite HjwmtaniHmaly, will W obtained. If a small «p»antity of iron be 
ifuaed in the oxyhydmgeu (lame (with an wwj of oxygon) in a piece 
of lime and mixM with jmwtiritxl glmis, pure molten iron will b§ 
formed, l«*eii.u»e in the «my hydrogen llatm* iron melt* and bums, but 
the au!*tance« mixed with the ir*<n oxidise first. Tin* oxidised tui* 
purities here either disappear (carbonic anhydride) in a gaseous form, 
or turn Into slag (silica, manganese, oxide, and «ll*or») — tt«t is, fuse 
with the glass. Fare Iron has a silvery white colour and a sjaidfio 
gravity of 7*84 ; it melts at a temperature higher than lh« melting* 
points of silver, gold, nickel, and steel, i.e. about HtKT *lfkx> ‘ and 

ipiwlto* t*f |i»m% b&mtMr*. fa**, Ar , |4) wry «TS to OSI 

p tettekt tatoUcirtg wafgkl W to mi kikM, »«teiwfcw S tet W 41 m , <«W» »k 4 w« 44 , bat 
tempar* esuatiy i wmt fa mmil apsaws, flfa, ******* «w 4 *****t*» 

THa pfoparliss *4 twhaarr wr>m^t imm *t» well lw*» Tfe» t*#i trvts i« th* rauet 
tee*eie»*~tltrt to to say, that which *W* biv*k up •tnwk with th* hmitmt 
m teak, m& jkS at tha mmm ti tm I# waffctMilly TW* **. fa*r«m»r, m 

b»t*rawn W4 a&4 wM mm, tt*»er*Sty th# t»o» i* lb# mm% *w»4 «•*» 

twrnt ha «wJ4#4* <tr*«m Into wit*, <#«- tiant, **pe*ri«lly towjjh. *»..« t» • ftoa 

by it* breakout *fa« fat*!, a»4 to Iherefatf wry tbiUewSt to w.«rk. «»4 
objiw!* tttfeta tnm It W«* twM *#rvtoB*h}« *M many mm i* ».«»l *«t«$*ta4 

f«f rmlnr»i? wir» wt«S i)wa( mm w»4 «»rwUt m ha 4& M«»f* imm t*ah«f*rUtiM)4 

«u MlUihin^ a tritottim ivttor h'fgu*g, whilst t»ss«#b 4 »«» pw**# m* ii* 

•tetoturo nlt#f VKl« f*«rbu« ■<! lr>*. teflf ««4t *k tb» 

bw*»@ Wtttl* wtwii a»4 m» «Wfa»tt to «»l*t Ttw*« <*»* 

las* MetAbt* fa fatof w**rk»4 up tHto mmaU »b|*«to. Ttw rtuMy »4 te# *4 

te»B * n tfe* wfa h H. mkMmi. Is §*M»ar»t, lfc» It** «*«4 i*» tl»« «rt# 

Stitt restsiiis sisImns ssd stwsfs » mmMm d cittons, •at|A«*r, 

Ai*. A fifMf U» Hn* «4 thtots fwMftoMWit port* •!»««»# tte 

0»4if «< ths km. tm s44Mhw to Utk tl** «hwapi wltoh m4l * 

itmmm sbnutevs, wlwm mtofafaA i® M*w» 4* t« »► 

rfdw»!4« 5 il t&ra bwinw* (pasttter *«4 twlifc, H»ia t«t a tmtUit* 4*gfm avpkfei* tkw 
want ft wUlHlitr °f •«*»« k(m *»b|wt*—w#h m %tmk akW, wbkli imot t» »»*>»»! a<W 
a wrUm tom «f imrvfa, ettwrwios li»»y ktxxam brittle. It i» »«».!»,,t tlut iUt>m «um 
toattiiswi'a.ttlo liitormotltoto 8rau*iti«>n« fr«»«» wr»u#Ut ir**« to »l#t>l a*»>! r*«t n.,u 

Al tba prewnt 4#y lb« greator |«»rt «f tbo • *»t ir»tt maewte »■ «-•>**»t«rtest lata 
lAttol, gsasraUy t«l mUmI jlW»m«')i m» 4 Martin*®! 1 mmy »*I4 lK« 

4fsWsfe,ssd ^b«r prt« of lb«« tulmuthm** f»t A* *rf 

an to* InftnAry, Umhw lorshtto* *«»t mty whs sspptSM «# mmUmsi km 
«»s, hut ate stall sAisb to nssssssry fas >w»tattg rt» 
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below the melting point of platinum (1700°), 11 But pure iron becomes 
soft at a temperature considerably below that at which it melts, and 
may then bo easily forged, welded, and rolled or drawn into sheets and 
wire. 11 w ® Pure iron may be rolled into an exceedingly thin sheet, 
weighing less than a sheet of ordinary paper of the same sire. This 
duotility is the most important property of iron in all its forms, and is 
most marked with sheet iron, and least so with cast iron, whoso 
ductility, compared with wrought iron, is small, but it is ptill very 
considerable when compared with other substances—such, for instance, 
as rocks, 13 

The chemical properties of iron have been already repeatedly 


temperature— that is to say, it becomes oovered with a layer of iron 
oxides. Here, without doubt, the moisture of the air plays a part, 
because in dry air iron does not oxidise at all, and also because, more 

* 1 According to information supplied by A. T. Rldudnr’ii experiments at tbo ObouknQ 
Stool Works, HO vuluimui of liquid molten stool give Hits volumes! of golid motal. By 
moans of a galvanic current of groat intensity ami ilomto charcoal as one oleotrode, and 
iron as tho other, Beruadoss welded iron and fused holes through sheet iron. Bolt 
wrought iron, like stool and soft malleable cast Iron, rosy be melted in Siemens’ 
regenerative furnumi, and in furnaces boated with naphtha. 

»i >>i» (ion, (tmui), Tait, Barret, Tehornnff, Osmond, and other* observed that at a 
temperature approaching film"-- that in, between dark and bright rial heat—all kituk of 
wrought iron undergo a peculiar elmngo called n ctilcicnwt', i.t>. a itprnitaneoun riim of 
temperature. If iron t m eomndi'nildy heated a in l allowed to cool, it may ho ulmerved 
that at thin temperature the eonliiig stops —Unit, in, lutmit heat in disengaged, ertrre. 
Bponditig with a chango in condition. The njwriflr heat, electrical conductivity, juagruitie, 
and other proimrtien then ulito chango. In temper mg, tho temp«r*tur'ii of n^caleni’onc® 
must net be roachod, and no also in annealing, Ac. It is undent that a change of tiro 
intnnial cnudiliou is here encountered, exactly niuukr to the tnumillon from a tmbd to a 
liquid, although there its no evident physical change It in probable that att#»tiw study 
would lead to the discovery of a similar ohange in other substances. 

i* Tiro particles of steel ere linked together or competed more cleanly than those of 
the other metals; this is shown hy tiro fuel that it only breaks with a tensile strain of 
SO-fU) kilos par tip mm., whilst wrought iron only withstand* about 80 kit.>s, rest iron 
10, copper OS, silver *48, platinum BO, wood tt. Tho «daaUctty uf iron, *it* «’l, and other 
metals k expressed hy tllo eu-cullcd ctirfiifinit t'f <■?<:..frody I .it S r. ••! bo taken nlioue 
length is L; if a weight, 1', bo hung from tho extremity ..f it, it will lengthen U< 2 
Tho lews it lengthens under other e.pi.d r..nditi..|oi. th» Octo eluul.e ll»<’ material, jf 
rtmutueit it a original length wh« u I ho v. , :gbt m n m* •» *' h 11 h«« born st.>.wn by njwn: -.rnt 
that tlm ineroaso m length /, duo to elauLe it),n> ilaw tlj i.ro|»>rtosml to llm length h 
and the wniflht 1’, and Inversely proportional to tbo wliaii, but with Its 

Tbfl «w*ffiw#nt of «d nativity that weight (u» kilos per *q. m»».y 

Bader whteh ft rod having a square uroetiun taken as J (wa lake 1 **|. «w» ) mquifm 
dcmbls tiro bmffth by Uwdoa. Naturally in practise materials 4# not withstand snel, * 
lengthening, under a ewrtadn weight they attain a limit of ehMteiity, i.*. they stretch 
permanently (undergo deformatmri). Ncglerling fraction* (as the claeiinly ,*f owl*}* 
varies nut wily w«tb tho Umipemturo, but al»o with hefting 1 , purity, Ae t, the .• .41 i»nk 
of slasticity <>f steel and tout is 181,000, copper «d ht»»* UI.WXi, ailior 1m>4, glass d.iKJO. 
lead 15,000, aud w.hk! l.tHK). 
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particularly, ammonia is always found in iron rust; the ammonia must 
arise from the action of the hydrogen of the water, at the moment of its. 
separation, on the nitrogen of the air. Highly-polished steel does not 
yust nearly so readily, but if moistened with water, it easily becomes 
coated with rust. As rust depends on the access of moisture, iron may 
be preserved from rust by coating it with substances which prevent 
the moisture having access to it. Thus arises the practice of covering 
iron objects with paraffin, 13 varnish, oil, paints, or enamelling it 
with a glassy-looking flux possessing the same coefficient of expansion as 
iron, or with a dense scoria (formed by the heat of superheated steam), 
or with a compact coating of various metals. Wrought iron (both as 
sheet iron and in other forms), cast iron, and steel are often coated with 
tin, copper, lead, nickel, and similar metals, which prevent contact with 
•the air. These metals preserve iron very effectually from rust if they 
form-a completely compact surface, but in those places where the iron 
becomes exposed, either accidentally or from wear, rust appears much 
more quickly than on a uniform iron surface, because, towards these 
•metals (and also towards the rust), the iron will then behave as an 
■electro-positive pole in a galvanic couple, and hence will attract 
•oxygen. A coating of zinc does not produce this inconvenience, because 
iron is eleotro-negative with reference to zinc, in consequence of which 
.galvanised iron does not easily rust, and even an iron boiler containing 
come lumps of zinc rusts less than one without zinc. u Iron oxidises 
at a high temperature, forming iron scale, Pe 3 0 4 , composed of ferrous 
.and ferric oxides, and, as has been seen, decomposes water and acids 
with the evolution of hydrogen. It is also capable of decomposing 
salts and oxides of other metals, which property is applied in the arts 
for the extraction of copper, silver, lead, tin, &c. For this reason 
iron is soluble in the 'solutions of many salts—for instance, in cupric 
sulphate, with precipitation of copper and formation of ferrous sul¬ 
phate. 15 When iron (xcts on acids it always forms compounds FeX 2 — 

18 Paraffin is one of the best preservatives for iron against oxidation in the air. I 
found this by experiments about 1860, and immediately published the fact. This method 
is now very generally applied. 

14 See Chapter XVIII., Note 84 bis. Based on the rapid oxidation of iron and its 
increase in volume in the prosence of water and Balts of ammonium, a packing is used 
for water mains and steam pipes which is tightly hammered into the socket joints. 
This packing consists of a mixture of iron filings and a small quantity of sal-ammoniao 
(and sulphur) moistened with water; after a certain lapse of time, especially after the 
pipes have been used, this maBB Bwells to such an extent that it hermetically seals the 
joints of the pipes. 

18 Here, however, a ferric salt may also be formed (when all the iron has dissolved 
and the cuprio salt is still in exoess), because the cupino saltB are reduoed by ferrous 
-salts. Cast iron is also dissolved. 
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that is, corresponding to the suboxide FeO - and answering to magnesium 
compounds—and hence two atoms of hydrogen ore replaced by one 
atom of iron. Strongly oxidising acids like nitric acid may transform 
tho ferrous salt which is forming into the higher degree of oxidation or 
ferric salt (corresponding with the sosqnioxide, Fe a 0 3 ), but this is a 
secondary reaction. Iron, although easily soluble in dilute nitric acid, 
loses this property when plunged into strong fuming nitric acid ; after 
this operation it even loses tho property of solubility in othor acids 
until the external coating formed by the action of the strong nitrio 
acid is mechanically removed. This condition of iron is termed the 
passive state. The passim condition of iron depends on the formation, 
on its surface, of a coating of oxide due to the iron being acted on by 
the lower oxides of nitrogen contained in the fuming nitrio acid. 10 
Strong nitric acid which does not contain these lower oxides, does not 
render iron passive, but it is only necessary to add somo alcohol or 
othor mincing agent which forms those lower oxides in the nitrio acid, 
and the iron will assume tho passive state. 

Iron readily combines with non-metals—for instance, with chlorine, 

iodine, bromine, sulphur, and even with phosphorus and carbon ; but 

on tho other hand the property of combining with metals is but little 

developed in it—that is to my, it does not easily form alloys. Mercury, 
which nct!i on most metals, d< k*h not act directly on iron, and tho iron 
mnalynm, or solution of iron in mercury, which is used for electrical 
machines, i« only obtained in a particular way—namely, with the 
eo-operation of n sodium atrial gain, in which the iron dissolves, and by 
means of which it is reduced from solutions of its salts. 

When iron acts on acids it forms ferrous salts of the type FeX*, 
and in the presence of air and oxidising agents they change by degrees 
into feme salts of the type FtO£ s . This faculty of passing from the 
ferrous to the ferric state is still further developed in ferrous hydroxide. 
If sodium hydroxide be added to a solution of ferrous sulphate or 
groan vitriol, Ft$0 4 , tT a white precipitate of ferrous hydroxide, FelljOj, 

to powdery reduc ed iron I® jia«m-r with regard to tulrio »*-»«! of a mjwifli- £mvity of 
lit?, hut when healed the arid «.»'!« oil it Thu j«n»»i»miiBS9 ihw»jij*e»T<! tn tho 
fait). tkint S*.4isw» nVtrlhtitoe t)i«> u<ui (etiul nndt»l) to the (»rmeUuti of 

Bllrt4M of (run •*« tho eurfft*‘« «>f thr utcUl, t-w&nnw ho ohecrrnttl Uwtl wh*a hooted kt Off 
UfAm/m mmmmbk to mvpIumI hy |***«yo »r»<w 

Bmmms oheemd that If « *t«j» **f irmt h*» itnmwrwed In add and pfoeed Is thssMff* 
twrtk M4, It St die* 4**4 #t Ih »I441* fi«&~4ij*t tn, Mm sold Mis mses AmM? 

at tho {k>W AmtwAiiw to flier*) fPWf »tr«tf ttlkrto sett disseittM (ran ta making ft 
pMatve, although th« feeOua (* a wry Am »ma 

>’ M trti'l *-r ■utpfcM* of txm of taww sulphate, generally erf*. 

tolliRee fr> tn eoluttotis, lih# tnmgnmium mtlptotto, with murnn atoWa)** of wot«r, 
IWUi*.711,0 Th»* mil t» out «»lf fc»»*4 bf the settoo of Iron <*n Mtlphttrte add, bnt 
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«== 'Fe 2 01 5 , or, generally speaking, 2FeO + Cl 2 + H 2 0=Fe 2 0 3 + 2HCJ 
When such a transformation is required it is best to add potassium 
chlorate and hydrochloric acid to the ferrous solution ; chlorine ia 
formed by their mutual reaction and acts as an oxidising agent. 
Nitric acid produces a similar effect, although more slowly Ferrous 
salts may be completely and rapidly oxidised into ferric salts by moans 
of chromic acid orpermanganic acid, HMn0 4 , in the presence of acids— 
for example, lOFeSO, + 2KMn0 4 + 8H a S0 4 « 5Fe a (S0 4 ) a + 2MnS0 4 
4* K a $0 4 + 8H 2 0. This reaction is easily observed by the change of 
colour, and its termination is easily seen, because potassium perman¬ 
ganate forms solutions of a bright rod colour, and when added to a 
solution of a ferrous salt the above reaction immediately takes place in 
■the presence qf acid , and the solution thon becomes colourless, bccauso all 
'the substances formed are only faintly coloured in solution. Directly all 
the ferrous compound 1ms passed into the ferric state, any excess of 
permanganate which is added commUuicates a red oolour to the liquid 
(see Chapter XXL) 

Thus when ferrous salts are aoted on by oxidising agents, they pass 
into the ferric form, and under tho action of reducing agents the 
reverse reaction occurs. Sulphurotted hydrogen may, for instance, be 
used for this completo transformation, for under its influence ferric salts 
are reduced with separation of sulphur—for example, Fe a Cl e + H 8 S 
« 2Fe01 a + 2HC1 + S. Sodium thiosulphate acts in a similar way : 
FetjClft + Na a S a O a + H a O = 2FeCl a + Na a S0 4 + 2HC1 + S. Me¬ 
tallic iron or zinc, 20 in the presence of acids, or sodium amalgam, &c., 
acts like hydrogen, and has also a similar reducing action, and this 
furnishes the best method for reducing ferric salts to ferrous salts— 
for instance, Fo a Cl 0 + Zns 2FeCl a + ZnCl a . Thus the transition from 
ferrous salts to ferric salts and vice versd is always possible.* 1 

*° Copper and cuprous salts also reduco forrto oxide to ferrous oxide, and are them¬ 
selves turned into ouprio Salts. The essence of the reaotions is expressed by tire following 
iaquations. FegOj+Cu^CM-fiFeO+2CuO} Fe tt 0 3 +Cu»8FeO + CaO, This foot Is made 
use of in analysing copper compounds, the quantity of copper being ascertained by tho 
amount of ferrous salt obtained. An oxoess of ferrio salt is required to complete the 
reaction. Here we have an example of reverse reaction} tho ferrous oxide or its salt in 
the presenoe of alkali transforms the ouprio oxide into ouproua oxide and metallic copper, 
as observed by Lovel, Knopp, and others. 

* l We will hero mention the reaotions by moans of which It may be ascertained 
whether the forrous compound has been entirely converted Into a ferrio oompound or 
vice versd. Tlioro are two substances which are best employed for this purpose: 
potassium ferricyanido, FoK s C 0 N 0l and potassium thiocyanate, KCN8. The first salt 
gives with ferrous salts a blue prooipitate of an Insoluble salt, having a composition 
Fe & O l4 Nn, i but with forrio salts it does not form any prooipitate, and only gives a brown 
colour, and therefore when transforming a ferrous salt into a ferric salt, the completion 
of the transformation may be detected by taking a drop of the liquid on paper or on * 
poroolain plate and adding a drpp of the ferricyanido solution. It a blue precipitate be 
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Perrio ox ids, or aeaquioxide of iron, Fo 8 0 8 , is found in nature, 
and is artificially prepared in the form of a rod- powdor by many 
methods. Thus after boating green vitriol a rod oxide of iron remains, 
called colootluir, which is used m an oil paint, principally for painting 
wood. The same substance in the form of a very lino powdor (rouge) 
Is used for polishing gloss, stool, and other objects. If a mixture of 
ferrous sulphate with an excess of common salt lie strongly heated, 
crystalline ferric oxide will bo formed, having a dark violet colour, and 
resembling some natural varietim of this substance. When iron pyrites 
is Invited for preparing sulphurous anhydride, ferric oxide also remains 


anhydrous ferric oxide. Pure ferrlo oxide docs not show any mag¬ 
netic properties, lmt when heated to a white heat it loses oxygon and is 
qtmverbal into the magnetic oxide. Anhydrous forrio oxide which has 
been heated to a high temperature is with difficulty soluble in adds 


delude in adds. The predpltated /errir hydroxide has tho romporition 
2Fe a O,,.'UI a f >, or If this ordinary hydroxide bo rendered 

anhydrous (at 100 '), at a certain moment it Iwoeumes incandeaeent 
-—that in, lo:.e;i a certain quantity of heat. Thin seif ineaudeseeneej 
depends on internal displacement produced by tho transition of the 
easily soluble (in adds) variety into the difficultly-soluble variety, 
and does not depend tm the Joss of water, sin re the anhydrous oxide 
undergoes the same change. In addition to this there exists a forrio 
hydroxide, or hydrated oxide of iron, which, like the strongly4mt#d 
anhydrous iron oxide, Ifdifficultly soluble In adds. Thin hydroxide on 
luring water, or after the lew of water, does not undergo such **df- 
iriciiudcncerue, InM-durK) no ouch slate of internal difiplt«.'»*tnrnt occur# 
(loan «if energy or heat) with it as that which i‘i j«>rulu»r to the uidinary 
Oxide of iron. Tin* ferric hydroxide which ia difficultly <]uhlo m a.idl 
has tho composition FiqO^IIjO, This hydroside h obtained hy a pro-, 

It liw* t« mom, Ik* »«weM»e*lee to 
sampM*. The IhkMfMMta eel «f#* my wwW mkm*rnm wtih tmmm sells 1 tntfc 

.wilt* fwrio trim f» tbs «,«§ ddetel II f«rm* a *4 shM I# » wb|mm4, *hI 

Uior»f»r» »h»n a terrift mil imU % Imrom s*ll w# w»«m* pmm4 m fof <w», 

a r.f iho to4ttUu» with vhm lb* * r*>l *-*!.«»r «aj 

pmvm tha |»4 .) of tl«» {erne mH i»ta lira foir?«»* <u»4 ft a r«4 e*4.*n» 

M eppwMl it Atm iftail rim Us*urfuntMStt?n fa sat oomptoSa. 
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longed ebullition of water in which ferric' hydi*oxlde prepared by the 
oxidation of ferrous oxide is suspended, and also sometimes by similar 
treatment of the ordinary hydroxide after it has been for a long time, 
in contact with water. The transition of ono hydroxide to another is 
apparent by a ohango of colour; the easily-soluble hydroxide is redder, 
and tbo sparingly-solublo hydroxide more yellow in colour. 93 

The normal salts of the composition Fe 2 X 6 or FeX 3 correspond 
with ferric oxide—for example, the exceedingly volatile ferric oMoride, 
Fc 2 C1 g , which is oasily prepared in the anhydrous state by tbo action 
of chlorine on heated iron. 23 Such also is the normal ferric nitrate, 

w The ''two ferric hytlroxrdea arc not only characterised by the above-mentioned 
proportion, but also liy the fact that the first hydroxide forms immediately with potassium 
forrocyanido, K^FoCyN,,, a blue colour depending on tho formation'Of Prussian blue, 
whilst the second hydroxide does not give any reaction whatever with this salt. Tho 
first hydroxide is entirely soluble in nitric, hydrochloric, and all other acids; whilst the 
second sometimes (not always) forms a briek-ooloured liqhid, which appears turbid 
and does not give the reactions peculiar to the forrlo salts (Pdan do Bamt-Gilles, 
Soheurer-Kestmer). In addition to this, when the smallest quantity of an alkaline salt 
is added to this liquid, ferric oxide is pfaoipitatocL Thus a colloidal solution is formed 
(liydrosol), which is exactly similar to silica hydrosol (Chapter XVII.), according to 
wliich example tho hydrosol of ferric oxide may be obtained. 

If ordinary ferric hydroxide ho dissolved in acetic aoid, a solution of tho colour of red 
wine is obtained, which has all tho reactions characteristic of ferric salts. But if this 
solution (fonnod in the cold) be boated to the boiling-point, its odour is very rapidly 
intensified, a small of acetic acid becomes apparent, and the solution then contains a 
new variety of ferric oxide. If the boiling of the solution be continued, acetic acid is 
evolved, and the modified ferric oxide is precipitated. If tire evaporation of tho acetic 
acid bo prevented (in a closed or sealed vessel), and the liquid be heated (or some time, 
tho whole of the ferric hydroxide then passes into the insoluble form, and if some alkaline 
salt bo added (to the hydrosol formed), the whole of the farrio oxide is then precipitated, 
in its insoluble farm. This method may be applied for separating ferric oxide from 
solutions of its salts. 

All phenomena observed respecting ferric oxide (colloidal properties, various forms, 
formation of doublo basic salts) demonstrate that this substance, like silica, alumina, 
lead hydroxide, <fcc„ is polymorisod, that tho composition is represented by (F«^Qj)h. 

88 The ferric compound which is most used in proctico (for instance, in medicine, for, 
cauterising, stopping bleeding, Ss<f .—Oleum Mortis) is /erne chloride, Fe^Clg, easily 
obtained by dissolving the ordinary hydrated oxide of iron in hydrochloric aoid. If It 
obtained in the anhydrous state by the action of chlorine on heated iron, The experi¬ 
ment is carried on In a porcelain tube, and a solid volatile tubftanoe ie then formed in 
the shape of brilliant violet scales which very readily absorb moisture from the air, and 
when heated' with water decompose into crystalline ferric oxide and hydrochloric add: 
FeiClfl+8H 9 0 m 0HC1 + PeaO*. Ferric chloride is so volatile that the density of its 
vapour may bo determined. At 440® it Is equal to 104*0 referred to hydrogen; tho 
formula FoaCJo corresponds with a density of 102*5. An aqueous solution of this salt 
has a brown colour. On evaporating and cooling this solution, crystals separate eon* 
taining 0 or 12 molecules of HjO. Ferric chloride it not only soluble in water, but a)*0 
in alcohol (similarly to magnesium chlorido, &c.) and in ether. If the latter solutions 
ere exposed to the rays of the sun they become colourless, and deposit ferrous chloride, 
FoOIq, chlorine being disengaged. After a certain lapse of time, the aqueous solutions 
of ferric chloride decompose with precipitation of a basic salt, thus demonstrating the 
instability of ferric chloride, like the other salts of ferric oxide (Noty 33). This salt ie 
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Fe a (NO 3 ) 0 ; it is obtained by dissolving iron in an excess of nitric acid, 

much m#ro etablo in the form of double aalt», like all tko forrlo Balts anrl also tho 
«alt B of many other feeble bows. Potassium or ammonium chloride forms with it very 
beautiful rod crystals of a double salt, having the composition FcjCUdKChaHaO. 
chloride *° Ut 00 ^ 8 * flJt 1 ova P orttted ,fc dooompoBCB, with lepordtion of potassium 

B. Rooaeboom (1003) studied in detail (as for CaCl a , Chapter XIV Note 60) tlio 
separation of different hydrates from naturatod solutions of Fo a Cl„ at various doucon- 
trattnns and temperatures; ho found that thorc arc 4 orystallohydratoB with 13, 7 B and 
4 moloculus of water. An orange yellow only slightly hygroscopic hydrate, Ftv.ci a Aail 2 0, 
k mow easily and usually obtained, which melta at 87° j its solubility at different tempera. 
turoB Is represented by the curve BCD in tho accompanying figure, where tho point B 



Flo. M.-4»tagrnm of the eoluMltty of Pe.cn. 

corresponds to the formation, at - 85", of a cryohydrate containing about F@aCl«+ MHjO, 
Urn point C! anrmptiml* to the melting point (+ 87 *) of the hydrate F^Cbt.iaUgO, and 
tbn curve CD to the fall in the temperature of crystallisation with an increase in the 
amount of salt, or decrewie in the amount of water (in the figure the temperature* are 
taken along the axis of abeofa*», and the amount of n in the formula nKe^C^ + lOOH 0 
along the axis of ordinate#). When anhydrous P^Gl* is added to the above hydrate 
(19H,0), or some of the water it evaporated from tho latter, very hygroscopic 
eryntek of F@,Cl fll 5n a O (Friteoho) are formed ; they molt at 86°, their solnbility is 
expressed by tho curve HJ, which also pr@«mt8 a small branch at the end J This 
again gives the full in tho teitn^raturo <>f crystallisation with on Increase in the amount 
of !•«,( l a . Itasidtia those curves and tho solubility of the anhydrous salt expressed by 
the lmo KI. (up t«* inn ", hnytiml width chhtrine is hlwraiod), lt<K*cri*Kim also gives the 
two curves, KKU ami JK, ritm>si«imllng to the crysUllnhyrirateH, Fc^CILylljO (melts at 
+ 8r-8, that is lower than any of the others) and (melts at 78 0, 6), which 

h# discovered by a systematic research on the solutions of ferric chloride. The curve 
AB represents the separation of tee from dilate solutions of the wit. 

The researches of the eama Butch chemist upon the oondftlon# of the formation of 
%iy#t*ls from the double wit (NM^O^P^Cl^ttigO ore tvau mom perfect. This salt 
wag obtained In 1«W by Friteehe, and 1$ easily formed from a strong solution of Fo^Cl# 
by adding sal-ammoniac, when it aeparates in crimson rhombic crystals, which, after 
dissolving m water, only deposit again on evaporation, together with the sal-ammoniac. 

Roo**boom (IBM) found that when the solution contains b molecule# of Fe*Cl* and 
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taking care as far as possible to prevent any rise of temperature.® Tit® 
normal salt separates from the brown solution when it is concentrated 

a moleoulos of NE 4 CI, per 100 molecules II 3 0, tlipn at 15° one of the following soparac¬ 
tions takes plaoe: ( 1 ) crystals, FeaCl 0 > 12 H 3 O, when a varioe botweon 0 and 11, and & 
between 4-05 and 4-8, or (2) a mixture of those crystals and tbo double salt, when <*• 
wl‘80, and 6®4‘47, or ( 8 ) the double salt, FesClo^NH^CljflHgO, when a varies 
betweon 2 and 11*9, and 5 between 81 and 4'50, or (4) a -mixture of sal-ammoniao witt» 
the iron Balt (it crystallises in separate cubes, Retgers, Lehmann), when a varies 
between 7-7 wad 10'0, and b is loss than 8 ' 88 , or (B) sal-ammoniao, when ftw>ir 88 . An<d 
as in the double salt, a' &"4 :1 it is ovidont that the double salt only separates out 
when the ratio a ‘ b is loss than 4 .1 (i.e. when Po^Clo predominates). Tbo above 1® 

soon more clearly in tbo accom¬ 
panying flguro, whore a, or tbo 
number of moleoulos of NH 4 CI 
per 100H 4 O, is taken along tbo 
axis of abscissas, and &, or tbo 
number of moleoulos of Fej01<j» 
along the ordinates. The curve® 
A.BCD correspond to saturation 
and present an iso-therm of 15°. 
The portion AB corresponds to 
the separation of ohloride of iron 
(tho asoending nature of tbi® 
curve shows that tho solubility of 
Fo-jClo is inoroasod by the pro- 
senco of NH 4 CI, while that, of 
NH 4 CI decreases in the prosenoo 
of FeaCle), tho portion BO to tho 
double salt, and the portion CE> 
to a mixture of sal-ammoniao. op cl 
ferrio ohloride, wlxQe the straight* 
line OF corresponds to the ratio Fc 3 C1<j, 4NH,,C1, or a : 6 "4 :1. Tho portion GE shows 
that more double salt may be introduced into the solution without decomposition, bub- 
then tho solution deposits a mixture of sal-ammoniao and ferrio chloride (set) Chapter 
XXIV. Noto 0 bh ). It there wore more suoh woll-investigated cases of solutions, ou» 
knowlodgo of double salts, solutions, tbo influence of water, equilibria, isomorphoa® 
mixtures, and such-liko provincos of chemical relations might bo oonsidorably advanced. 

14 Tho normal forrio salts arc decomposed by hoat and even by water, forming basic 
salts, whioh may bo prepared in various ways. Generally ferrio hydroxide is dissolved 
(n solutions of ferrio nitrato j if it contains a double quantity of iron tho basic salt ia 
formed which contains FejOj (in tbo fora of hydroxide) + 2Foj(NOj)o ** 8 F*uO(NOj)g, 
a salt of the type FegOX*. Probably water enters into its composition, With con¬ 
siderable quantities of ferrio oxide, insoluble basic salts are obtained containing various 
amounts of ferrio hydroxide. Thus when a solution of the above-mentioned basic acid 
is boiled, a precipitate is formed containing 4(Fea0g)g,fi(Ng0t),8H{|0, which probably 
contains flFegOjfNOjh+SCFegOg^HjO If a solution of basic nitrate be sealed in a 
tubo and then immersed hh boiling water, tho oolour of tbo solution changes just i» 
tho some way as if a solution of ferrio acetate had boon employed (Noto 23). Tho 
solution obtained smells strongly of nitrio aoid, and on adding a drop of sulphurio or 1 
ftydroohlorio acid tbo Insoluble varioty of hydrated forrio oxide is precipitated. 

Normal forrio orthophotphal is soluble in sulphuric, bydrooblorio, and nitrio acids* 
but insoluble in others, such as, for instanoo, aoetio acid. Tbo composition of this salt 
Hi the anhydrous stato Is FcFO*, because in orthophosphorie aaid Chore sm three atom® 
of hydrogen, and iron, in tho forrio state, replaces the three atoms of hydrogen. Thi® 
®alt is obtained from ferrio acetate, which, with disodium phosphate, forms a white pro *’ 
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under a bell jar over sulphuric add. This salt, Fe 2 (N0 3 ) 6 ,9H 3 0, then 
wystalliaos in well-formed and perfectly colourless crystals, 28 which 
deliquesce in air, molt at 35°, and are soluble in and decomposed by 
water. The decomposition may be seen from the fact that tho solution 
is brown and does not yield the whole of tho salt again, but gives 
partly basic salt. Tho normal salt (only stable in the presence of an 
excess of UNO;,) is completely decomposed with great facility by heat¬ 
ing with water, even at 1 !K)°, and this is made use of for removing iron 
(and also certain other oxides of tho form K 2 0 3 ) from many other 
bases (of the form EO) whose nitrates are far more stable. The ferric 
salts, FoX|, in passing into ferrous salts, act as oxidising agents, as is 
seen from the fact that they not only liberate S from SH a , but also 
iodine from KX like many oxidising agents. 28 w* 

cipitatc nf FoP0 4 , containing water. If a solution of forrio chloride {yollowi»h-rcd 
colour) bo mixed with a mdntinn of midium acetate in oxccma, tho liquid auuumoo an 
Intmnio brown colour which demonstrates tho formation of a certain quantity of forrio 
acetate; then Umdiimdinni phosphate directly forms a white golalinous precipitate of ferric 
phosphate. Hy this moans Ihu whole of the iron may lie precipitated, and the liquid which 
was brown then becomes colourless. If this normal salt be dissolved in orthopbosphorio 
acid, Urn crystalline aoicl salt is formed. If there bo an excess of ferric oxide 

in tho solution, the precipitate will consist of the basio salt. If ferric phosphate be 
dissolved in hydrochloric acid, and ammonia bo added, a salt is precipitated on heating 
which, after continued washing in water and healing (to remove the water), has tho 
competition Ft^I’.jf tlmt in, liFiijOjdqOj. In an aqueous condition thin nail may bo 
considered an ferric hydroxide', Fn.,(OII) t „ in which (OII) 3 in replaced by the equivalent 
group I’0 4 . Whenever ammonia is added to a solution containing an oxcobh of ferric 
salt and a certain amount of phosphoric acid, a precipitate is formed containing the 
whole of the phosphoric acid in the mium of tho forrio oxidif. 

Forrio oxide is characterised as a feeble base, and also by the foot of its forming double 
eaUs—far instance, polaurlttm iron alum, which hoe a composition Fe a (S 0 4 ) 5 ,K 3 S 0 ,n 
IMIIqQ or FeKfHChh'lttJIaO. It is ohtaiued in the form of almost colourlese or light 
roee-ooloured large oelahedra of the regular system by simply mixing solutions of 
potassium sulphate and <«he furrio sulphate obtained by dissolving ferric oxide in sul¬ 
phuric acid. 

* s It would seem that all normal forrio salts are colourless, and that the brown colour 
which in peculiar to tho solutions is really due to basic forrio salts. ' A remarkable 
example t >f the apparent change of colour of Halts in repreiientod by the ferrous and ferric 
oxnbdcN. 'i'ho former in a dry stall) him a yellow colour, although aw a rule tlui ferrous 
wdl>. am gieeii, and llm bitter is (-■■Innih-i.ii nr pale green. When the normal ferric nail is 
deiHi>Ued in water it in, him iiiauy i.altr, prohaldy decomposed hy tlui water into acid 
arid Imaie sallo, and Urn latter enntiiiiinieateii a brown colour to tlui woluUnn. Iron alum 
Is olnuml colourless, to easily decomposed iiy water, and in the best prauf of our asser. 
lion. The study of tho phenomena iwculiar to ferric nitrate might, in ray opinion, give 
a wry useful sAditbu to our knowledge of the aqueous solution* of salts in general, 

w bl * The reaction FeX 3 + XI*» FeX» f KX +1 proceed# comparatively slowly fn sola* 
ticiiu, Is not complete (depends upon the ma*s), and is reversible. In this connection we 
may cite tire following data from Seubert and IMirer's (1894) comprehensive researches. 
Tim investigations wore conducted with solutions containing gram—equivalent 
weight* of Fi» 4 (K0 4 )j containing SO grams of salt per litre), and a corresponding 
solution of KI ; tho amount of iodine liberated being determined (after the addition of 
eturoh) by a solution (also ^ normal) of Na,d,0| (we Chapter XX., Note 4S). The pro* 

# D 
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Iron, forms on© other oxide besides the ferrio and ferrous oxides ; 
this contains twice as much oxygen as the former, but is so very 
unstablo that it can neither be obtained in the free state nor as a 
hydrate. Whenever such conditions of double decomposition oocur as 
should allow of its gyration in the free state, it decomposes into 
oxygen and ferric oxide. It is known in the state of salts, and is only 
stable in the presence of alkalis, and fo'rms salts with them which have 
a decidedly alkaline reaction ; it is thorcforo a feebly acid oxide. Thus 
, when small pieces of iron are heated with nitre or potassium chlorate 
'a potassium salt of the composition K a Fc0 4 is formed, and therefore 
the hydrato corresponding with this salt should have the composition 
H a Fc0 4 . It is called ferrio acid. Its anhydride ought to contain 
FcQ 3 or Fo a 0 6 —twico as much oxygon as ferric oxide. If a solution 
of potassium forrato bo mixed with aoid, tho free hydrato ought 
to bo formed, but it immediately decomposes (2K a Fe0 4 + 5H a S0 4 
i= 2K a S0 4 + Fe a (S0 4 ) 3 + 5H a O + 0 3 ), oxygen being evolved. If a 
small quantity of aoid bo takojn, or if a solution of potassium forrato 
be heated with solutions of other metallic salts, ferrio oxido is sepa¬ 
rated—for instance : 

2CuS 0 4 + 2K a Fo0 4 =» 2K a S0 4 + 0 3 + Fe 9 Q 3 + 2CuO. 

Both these oxides aro of course deposited in the form of hydrates. 
This shows that not only the hydrate H 3 Fe0 4l but also the salts of tho 
heavy metals corresponding with this higher oxide of iron, aro not 
formed by reactions of double decomposition. The solution of potas¬ 
sium ferrate naturally acts as a powerful oxidising agent; for instance, 
it transforms manganous oxido into tho dioxide, sulphurous into 
sulplnlrio acid, oxalic acid into carbonic anhydride and water, &o, 2B 
Iron thus combines with oxygon in throo proportions : RO, R a 0 3 , 


gross of tho motion was oxprossud by tho amount of liberated iodine In pcrcontogea 
of tho theoretical amount, For inslanoo, tho following amount of iodide of potassium 


was decomposed when FeaiSOJg + SuKI 

was taken: 
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Similar results wore obtalnod 

for F0CI3, but then tho amount 

of iodtno liberated was 


‘somowhat greater. Similar results .wore also ohlalnad by increasing tho mass of FeX 3 
per XI, and by roplaoing it by III (see Chapter XXL, Note SO). 

)a 10 If ohlorino bo passod through a strong solution of potassium hydroxide in which 
hydrated ferrio oxide is suspended, tho turbid liquid acquires a dark pomegranate-red 
cplowand contains potassium ferrate! lOKHO + FeaOg+SClj ■>' SKgFeO* + flKCl+6HjO. 
Xhe chlorine must not be in excess, otherwise the salt is again decomposed, although tho 
mode of decomposition is unknown ( however, ferrio obloride and potassium' chlora ,o 
are probably forced. . Another way in which the ab ove-describ ed ealt je formed is also 
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and RO a . It might have been expected that there would be inter¬ 
mediate stages RO a (corresponding to pyrites FeS 2 ) and R s O 0 , but for 
iron those are unknown. 55bl8 The lower oxido has a distinctly basic 
character, tho higher is feebly acid. Tho only one which is stable in 
the free state is ferric oxido, Fo 2 0 3 j tho suboxido, FeO, absorbs 
oxygen, and ferric anhydride, FcO a , ovolvos it. It is also tho same 
for other elements ; tho character of each is determined by tho relative 
dogreo of stability of tho known oxides. Tho salts FoX 3 correspond 
with tho suboxido, tho salts FoX 8 or Fo 9 X 8 with the sesquiQxide, and 
roDresonts those of ferric acid, as its Dotassium salt is FeOJ OK h,. 


corresponding with K a S0 4l K 3 Mn0 4 , K 3 Cr0 4 , <ko. Iron therefore 
firms compounds of the types FeX s , FeX 3 , and FcX c , but this latterj 
like the type NX ft , does not appear separately, but only when X re¬ 
presents heterogeneous elements or groupsj for instance, for nitrogen 
in tho form of N0 2 (()H), NII 4 C1, &c., for iron in tho form of 
Fo0.j(OK) s . But still tho typo FoX„ exists, and therefore FoX 2 and 
FoX 8 aro compounds which, like ammonia, NH 3 , are capable of further 
combinations up to FoX fl ; this is also seen in tho property of 
ferrous and ferric salts of forming compounds with water of crystallisa¬ 

tion, besides double and basic salts, whose stability is determined by 
tho quality of tho elements included in the types FoX a and F«X s . 36trt 
It is therefore to bo expected that thoro should bo complex compounds 

remarkable; ft git.lv iuiio current (from fl Grovet clenu'ntit) iti pnwmd Uinnigli emit iron 
anil platinum olcutrothis into .ft strong solution of putusiiiuiii hydroxide. Tho east* 
iron electrodn is oonnootod with tho itosiMvo pole, mid tho platinum electrode is eur- 
rounded by ft {toroue earthenware cylinder. Oxygen would be evolved at the cant* 
iron electrode, but it in used up in oxidation, and a dark solution a( potassium ferrate it 
therefore formed about it. It i« remarkable that the east Iron cannot be replaced by 
wrought iron. 

ft) Hu When Mond and hist uaktanki obtained the rsmorkable volatile compound 
’ Ni(CO) 4 (detoribed later, Chapter XXII.), it wae shown subsequently by Mond and 
Qulnoke (lMl),and also by Berthelot, that iron, under oertain oonditlona, in a stream of 
carbonic, oxide, also volatilipa and forme a compound )ika that given l>y nickel. ttosooe 
and Hcuddur then showed that when water gas is passed through and khpt under 
pressure (M atiiimiplini't'it) in iron vohbuIm a portion of tho iron volntilimn from fclio 
attics of thn vobbiiI, anil Umt. when tho gas Is burnt it deposits it certain ninnunt of toddon 
of iron (tho sonu> result is obtained with ordinary coal gas which contains a tunftll amount 
of CO). To obtain tlu> volu/itei compound of iron with carbonic oxide, Mond pnnwtred 
-a finely divided Iron by heating Urn cixulftta in a wtream of hydrogen, and after cooling it 
to 60*— 46® he passed CO over the powder. The iron then formed (although very slowly) 
a volatile oompemnd containing Fo(CO)» (a# though It answered to a very h%h type, 
KX te ), which when eooM eo»den»M Into a liquid (alightly «d©ur«L, -probably owing to 
Incipient decomposition), sp. gr, 1*47, which solidifl©* at —81*, holla at about 108°, and 
has a vapour density (about 6*8 with respect to air) corresponding to the above formula *, 
it decomposes at 1H0‘’. Water and dilute adds do not aot upon it, hut it decomposes 
under tho action of light and tom# a hard, non-volatile oryatalllno yellow compound 
®WGO) ? which decomposes at 80° and again forms Fe(CO) s . 

When tho molecular Ft^Clj Is produced instead of FoClj this complication 4 
I the type also occurs. 
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derived from ferrous and ferric oxides. Amongst these the series, 
of cyanogen compounds is. particularly interesting ; their formation, 
and character is not only determined by the property which, iro^ 
•possesses of forming complex types, but also by the similar faculty of 
the cyanogen compounds, -which, like nitriles (Chapter IX.), havo 
clearly developed properties of polymerisation and in general of forming 
complex compounds. 87 

In the cytmogen compounds of iron, two degrees might be expected i 
Fc(CN) a , corresponding'with ferrous oxide, and Fe(CI$r) a , correspond¬ 
ing with ferric oxide. Thoro aro actually, however, many other known- 
compounds, intermediate and far more complex. They correspond 
witli the double salts so oasily formed by metallic cyanides. The two 
following doublo salts aro particularly well known, very stable, oftejv 
used, and easily prepared. Potassium ferroeyanide or yellow prussiate 
of potash; a double salt of cyanide of potassium and ferrous cyanide,. 
has the composition FeO a N a ,4KOFr; its crystals contain 3 mol. of water ; 
K 4 FeO 0 N 0 ,3H a O. The other is potassium fsrricyanide or red prussiate 
of potash.. It is also known as Gmelin's salt, and contains cyanido of 
potassium with ferric cyanido; its composition is Fe(CN) a ,3KCN op 
K 3 FeC G ]Sr 6 . Its crystals do not contain water. It is obtained from, 
the first by the action of chlorine, which removes one atom of the 
potassium. A whole series of other ferroeyanic -compounds correspond- 
with these ordinary salts. 

Before treating of the preparation and properties of thoso two 
remarkable and very stable salts, it must be observed that with ordi¬ 
nary reagents neither of thorn gives tho same doublo decompositions 
as tho other ferrous and ferric salts, and they both present a series of 
remarkable properties. Thus thoso salts havo a neutral reaction, aro 
unchanged by air, diluto acids, or water, unlike potassium cyanido and 
oven some of its doublo salts. When solutions of thoso salts aro treated' 
with caustic alkalis, they do not give a precipitate of ferrous or fourlo 
hydroxides, neither are they precipitated by sodium carbonate. This 
led the earlier investigators to recognise special independent groupings 
in them, ' The yellow prusslate was considered to contain the complex 
radicle Fe0 6 N 6 combined with potassium, namely with K*, and K a 
was attributed to the red prussiate. This was confirmed by tho fact 
that whilst in both salts any other metal, oven hydrogen, might bo 
substituted for potassium, tho iron remained unchangeable, just as 
nitrogen in cyanogon, ammonium, and nitrates does not enter into 

v Some light may be thrown upon tho faculty of Fa of forming various compound* with 
CN, by the fact that Fa not only combine)# with carbon but also with nitrogen. Nitride 
0 /iron Fej,N w&i obtained by Fowler by heating finely powdered iron in a stream ol 
NH 5 at the temperature of melting leafl.j 
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double decomposition, being 1 in the State of the complex radicles CN* 
NH 4j NO a . Such a representation is, however, completely superfluous 
for tho explanation of the peculiarities in the reactions of such com*, 
pounds as double salts. If a magnesium salt which can be precipitated 
by potassium hydroxide does not form a precipitate in the presence of 
ammonium cldoride, it is very dear that it is owing to the formation 
of a soluble double salt which is not decomposed by alkalis. And 
there is no nocossity to account for the peculiarity of reaction' of a 
double salt by the formation of a new oomplex radicle. In the same 
way also, in the presence of an excess of tartaric acid, ouprio salts do 
not form a precipitate With potassium hydroxide, because a double salt 
is formed. These peculiarities are more easily understood in the case 
of oyanogen'oompoundB than in all others, because all cyanogen com* 
pounds, as unsaturatod compounds, show a marked tendency to 
complexity. This tendency is satisfied in double salts. The appear-, 
anco of a peculiar character in double oyanidos is the more easily 
understood since in tho case of potassium cyanide itself, and also in 


aunt) t* grutvu lueuiy jjuuuiuwibAut* juuvu uguu uumveu 

which arc not encountered in those haloid compounds, potassium 
chloride and hydrochloric acid, with which it was usual to oompafd 
cyanogen compounds. Thiwo peculiarities tmeomo more comprehensible 
on comparing cyanogen compounds with ammonium compounds. Thus 
in tho proHonoo of ammonia tho reactions of many compounds change 
considerably. If in addition to this it is romemberod that the 
presence of many carbon (organic) compounds frequently completely 
disturbs tho reaction of salts, the peculiarities of certain double cyanides 
will appear still less strange, because they contain carbon. The fact 
that the presence of carbon or another element in the compound pro* 
duces a change in the reactions, may be compared to the action of 
oxygen, which, when entering into a combination, also vory materially 
changes tho nature of reactions. Chlorine is not detected by silver 
nitrate when it is in, tho form of potassium chlorate, KC10 3 , as it is 
detected in potassium chloride, KC1. Tho iron in ferrous and ferric 
compounds varies iu it* reactions. In addition .to tho above-mentioned 
facts, consideration ought to bo given to tho circumstance that the 
easy mutability of nitric acid undergoes modification in its alkali 
salt*, and in general the properties of a salt often differ much from 
those of the acid. EVery double salt ought to be regarded as a pecu¬ 
liar kind of saline compound : potassium cyanide is, as it were, a basic, 
and femms cyanide an acid, element. They may be unstable in the 
separate state, but form a stable double compound when combined 
together; the act of combination disengages tho energy of the elements,, 






348 


PRINCIPLES OF CHEMISTRY 


and they, eo to speak, saturate each other. Of course, all this is not a 
definite explanation, but then the supposition of a special complex radio)® 
can oven loss bo regarded as such. 

Potassium ferrocyanido, K 4 FeC fi N 6 , is very easily formed by mixing 
solutions of. ferrous sulphate and potassium cyanide. First, a white 
precipitate of ferrous cyanide, FeC a N 2 , is formed, which becomes blue 
oh exposure to air, but is soluble in an excess of potassium cyanide, 
forming the ferrocyanido. The samo yellow prussiatc is obtained on 
boating animal nitrogenous charcoal or animal matters—such as 
horn, leather cuttings, tire.—with potassium carbonate in iron 
vessels, 27 bl * tho mass formed being afterwards boiled with water with 
exposuro to air, potassium cyanide first appearing, which givos yellow 
prussiato. Tho animal charcoal may be exchanged for wood charcoal, 
permeated with potassium oarbonato and heated in nitrogen or 
ammonia ; the mass thus produced is then boiled in water with ferric 
oxide. 28 In this manner it is manufactured on tho largo scale, and is 
called ‘yellow prussiato' ('prussiato do potasso,’ Blutlaugensalz). 

It is easy to substitute other metals for tho potassium in tho yellow 
prussiato. Tho hydrogen salt'or hydroforrocyanio acid, Il 4 FoC u N fi , is 
obtained by mixing strong solutions of yellow prussiato and hydro¬ 
chloric ooid. If other bo added and tho air excluded, the acid is 
obtained diroctly in tho form of a white scarcely crystalline precipitate 
which becomes blue on exposure to air (as ferrous cyanide does from the 
formation of blue compounds of ferrous and ferric cyanides, and it is 
on this account used in cotton printing^. It is soluble in water and 
alcohol, but not in other, has marked acid properties, and decomposes 
carbonates, which ronders it Easily posaiblo to prepare ferrooyanides of 


S7i>u xjio sulphur of tho animal refuse horn forms tho compound FeKSj, which 
by tho action of potassium cyanide yiuldn potassium sulphide, thiocyanate, and forro* 
eyanido. 

88 Potassium farrocyanido may also ho olilainad from Prussian blue by boiling with a 
solution of potassium hydroxide, and from the fcrricyanide l>y the action of alkalis and 
r&duelsg substances (because the rod prussiato is a product of oxidation produced by 
tho action of chlorine: a ferric salt Is reduced to a ferrous salt), dro. In many works 
(especially in Germany and France) yellow prussiato is prepared from the mass, con¬ 

taining oxide of iron, and employed for purifying coal gas (Vol. L, p. 861), which 
generally contains cyanogen compounds. About 8 p.e. of the nitrogen contained in coal is 
converted into cyanogen, which forms Prussian blue and thiocyanates in tho mass used 
for purifying tho gas. On evaporation tho solution yields largo yellow crystals containing 
8 molooulon of water, which is easily expelled by beating above 100 ' 1 . 100 parts of water 
at the ordinary temperature ara capable of dissolving ill! parts of this salt; its sp, gr. Is 
1*88. When ignited it forms potassium cyanide and iron carbide, FoGj (Chapter XIII,, 
Note 18). Oxidising substances change it into potassium ferricyauide. With strong 
sulphuric acid it gives carbonic oxide, and with dilute Bulphuric”acid, when heated, 
prussio add is evolved according to the equation: 8 K 4 FoC«Nj + 8 II 38 O 4 ■ KjFejCjNj 
+ 8IC)9O 4 + 0HCN) hence in the yellow prussiatc K<] replaces Fa. 
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the metals of the alkalis and alkaline earths ; these are readily soluble, 
have a neutral reaction, and resemble the yellow prussiate. Solutions 
of these salts form precipitates with the salts of other metals, because the 
forrooyanidos of tho heavy motals are insoluble. Here either the whole 
pf the potassium of the yollow prussiate, or only a part of it, is exchanged 
for an oquivalont quantity of tho heavy raotal. Thus, when a ouprio 
salt is added to a solution of yellowprussiato, a rod procipitato ia obtained 
which still contains half tho potassium of tho yollow prussiate : 

IC 4 FoC 0 N 8 + CuSO 4 « K a CuFeO 6 N 8 + K 2 S0 4 . 


But if the process be reversed (the salt of copper being then in exoess) 
the wholo of the potassium will be exchanged for coppor, forming a 
reddish-brown procipitato, Cu a FoC fi N,;,9H a O. This reaction and 
those similar to it are very sensitive and may bo usod for detecting 
motals in. solution, more especially as tho colour of tho procipitato 
very often shows a marked difference when one mcstal is exchanged 
for another. Zinc, cadmium, load, antimony, tin,'silver, cuprous and 
aureus ( salts form white precipitates; ouprio, u'ranium, titanium 
and molybdenum salts reddish-brown ; those of nickel, cobalt, 
and chromium, green precipitates ; unth ferrous salts, ferrocyanido 
forms, iiB has boon already mentioned, a white procipitato - namely, 
J, i 'e. 4 FeO u N 0 , or FeO a N a -—which turns blue on oxposuro to air, and 
witli ferric salts a blue precipitate called Prussian blue. Hero the 
potassium is replaced by iron, tho reaction being expressed thus : 
2Fo a Cly + 3K 4 FoO ti H 9 m 12KCl*bFe 4 Fe 3 C| H N t8 , the latter formula 



also as one of the ordinary blue paints. It is insoluble in water, and 
the stuffs are therefore dyed by first soaking them in a solution of a 
ferric salt and then in a solution of yellow prussiate. If however 
an excess of yellow prussiato bo present complete substitution between 
potassium and iron does not occur, and soluble Prussian blue is 
formed ; KFe,(CN) 0 » KCN,Fo(CN) ai Fe(CN):,. This blue salt is 
colloidal, is soluble in pure water, but insoluble and precipitated 
when other salts-"for instance, potassium or sodium chloride—are* 
present oven in small quantities, and is therefore first obtained as a 
precipitate.® 9 


W Skruup obtained this emit both from poU*wlum form 
and from forrkyntiitk) with ferrous chloride, 


• ant'CC*. 


potassium ferro^md*|W^i f(^{bblori<lo 
i, iliftt it couUlm^^ya 
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Potassium ferricyanido, or red primiate of potash, K 3 FeC 0 N 8 , ifl 
called ‘Gmolin’s salt,’ because this savant obtained it by the action, 
of ehlorino on a solution of the .yellow prussiato : K 4 FoC 0 N 8 + Oi 
c= K 3 l i ’oC (l N (i + KOI. Tho reaction is duo to the ferrous salt being 1 
changed by tho action of the chlorine into a ferric salt. It separates 
from solutions in anhydrous, well-formed prisms of a red colour, but 
the solution has an bliyo colour; 100 parts of water, at 10°, dis¬ 
solve 37 parts of the salt, and at 100°, 78 parts. 30 Tho red prus¬ 
siato gives a blue precipitate with ferrous salts, callod Turnbull'a blue, 
very much like Prussian blue (and tho soluble variety), because it also 
contains ferrous cyanide and ferric cyanide, although in another propOr- 


in both tlio ferrio and ferrous Staton. With ferrous chloride ft forms Prussian blue, and! 
with ferric chloride Turnbull's blue. 

Prussian blue was discovered in tho beginning of the bwtt century by a Berlin 
manufacturer, Dlesbach. It wag then prepared, an it sometimes is also at premunt, 
directly from potassium oyantda obtained by heating animal charcoal with potaraiutn 
carbonate. The mass thus obtained la dissolved in water, alum it added to tho 
solution in order to saturate tlm trots alkali, and then a solution of green vitriol is added 
which has previously boon sufficiently exposed to tho air to contain both fordo and 
furrous salts. If tho solution of potassium cyanide bo mixed with a solution containing 
both salts, Prussian bine will bo formed, because it is a -compound of ferrous cyanide, 
FeC«N Sl and ferric cyanide, Fc 3 C 0 N B . A ferric Halt-with pawwslum ferrooyanldu forme 
a blue colour, because ferrous cyanide is obtained from the first salt and ferric oyanido 
from the second. During tho preparation of this compound alkali must be avoided, an 
otherwise the precipitate would contain oxides ft! Iron. Prussian blue ha# not a crystal¬ 
line structure; it forms a blue mass with a copper-red metallic lustre. Doth adds and 
alkalis act on it. The action is at first confined to tho ferric salt it contains. Thus 
■alkalis form ferric oxide and forrocyanldo in solution: 3Fo.jC tl N„,ltI'V(’jNj f-'lSKIIO 
, «■ 9(Fe,0 v 8H.,0) + BK^FoCflNo. Various ferrocyanldes may limn lm prepared. Prussian 
blue is soluble in an aqueous solution of oxalic add, forming blue ink. In air, when 
exposed to tho action of light, it fades; but in Min dark again absorbs oxygon and 
becomes blue, which fact la also sometimes noticed in blue doth. An excess of potassium 
ferrocyanide renders Prussian blue soluble in water, although insoluble hi various saline 
solutions—that is, it converts it into the soluble variety. Btroug hydrochloric acid also 
■dissolves Prussian blue. 

"* w An excess it chlorine must not bo employed in preparing this compound, otherwise 
‘'the reaction goes further. It is easy bo find out when the action of tho chlorine on potassium 
ferrocyanide must cease | it is only neoeosary to take a sample of th? liquid and add a 
solution of a ferric salt to it: It a precipitate of Prussian blue is formed, more chlorine 
must be added, as there ia still some undecomposed ferrocyanide, for the ferricyanido 
does not give a precipitate with ferric salts. Potassium’ ferrloyonlde, like the ferro* 
cyanide, costly exchanges its potassium for hydrogen and various metal# by double 
decomposition. With the salts of tin, sliver, and mercury it forms yellow precipitates, 
and with those of uranium, nickel, cobalt, copper, and bismuth brown precipitates. The 
lebd skit under tho action of sulphuretted hydrogen forms load sulphide and a hydrogen 
sdt or acid, n s FeG # N fl) corresponding with potassium forrioyanuln, which i» soluble, 

S stalllses in red noodles, and resembles hydroforrocyanlo acid, H 4 FoC 8 N ti . Under the 
faftOt reducing agents—-for Instance, sulphuretted hydrogen, copper— potassium ferri* 
Ayonifie is ohanpd into ferrocyanide, especially ia the presence of alkalis, and thus forme 
a rather eabrgetia wdettaing openf—capable, for Instance, of changing manganous oxide 
into dioxide* hleaohingtiaauea, &o. 
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^ion.-lieing formed aooordirtg to the equation: 3FeCl a 4- 2 K 8 FeO 0 N 0 
*a=! 0 KCl+Fe 3 Fe a O, a N| 2 , or 3FeO a N 9 ,Fe a O c ]Sr 6 ; in Prussian blue wo 
ihave Fo 7 Cy, 6 , and hero Fe 5 Cy, a . A.forrio salt ought to form ferrio 
cyanide Fo a O 0 N 6 , with rod priissiate, but ferrio oyanide is soluble,- 
and therefore rio- proolpitato is obtained, and the liquid only becomes 
<brown . 31 

If chlorine and sodium aro representatives of independent groups 
of elements, the same may also bo said 0 $ iron. Its noarost ana¬ 
logues show, bosidos a similarity in character, a likeness as regards 
physical properties and a proximity in atomio weight. Iron occupies a 
medium position amongst its nearest analogues, both with respeot to 
properties and faculty of forming saline oxidos, and also as regards 
•atomio weight. On the one hand, cobalt, 58, and nickel, 59, approach. 

81 It In Important to mention o series of readily eryatallis'ablo wilts formocl by the 
action of nilrlo acid on potassium and other forrooyanldos and forrloyanidos. Titos* 
salt contain tint elements of nitric oxide, and are therefore oallod nifro-(nilroto) 
fenicyanith't {nilroprimi&et). Generally a crystalline sodium salt Is obtained* 
NaaFoC,N 0 O,UII a O. In its composition this salt differs from the red sodium salt, 
NajFoC^Na, by the fact that in it one moloeulo of sodium oyanide, NaON, is replaced by* 
nitric oxide, NO. In order to prepare it, potassium ferrooyanide In powder is mixed, 
with five-Boventlis of Its weight of nitric acid diluted with ah’ equal volume of Water. 
The mixture is at first left at the ordinary temperature, and then boated pn a 
water-bath. Hero fcrrlcyanldo Is first of all formed (as shown by tho liquid gjvhigfl. 
Iirw-ipitaUi with ferrous chlm-ulu), wbioh then disappears (no precipitate with forrouB. 
chloride), at id forme a preen precipitate. Tito liquid, when cooled, deposits crystals, 
•of nitre. The liquid Is then strained off and mixed with sodium carbonate, boilod h 
filtered, and evaporated; sodium nitrate and tbo salt doscrilxKl are deposited in crystals. 
It separate* in prlmntj of a rod colour. Alkalis aud salts of Ilia alkalino earths do not 
give precipitates: they aro soluble, but the salts of iron, sine, copper, and silver form 
precipitates where aodiurn ts exchanged with these metals. It le remarkable that the- 
sulphides of the alkali metals give with this salt an in ten so bright purple coloration. 
This eeriM of oompottnda was discovered by Ghnolin and studied by IMayfalr and other*. 
( 1848 ). 

This series to a curtain extent membles the nltro-sulphldc series described by 
Boueein. Here Uie primary compound consists of black crystals, which are obtained a» 
followsSolutions of potassium hydroeulptiicU and nitrate are mixed, and tho mixture 
is agitated whilst funic chloride* is added, then boiled and filtered i on coding, Hack 
cryatulit iuo ilrpiwiti-d, having the composition F«„H 5 (NO),11,0 (K*mm»borg),nr, aefcord- 
log to I mmel, h'l'NOj.NH^H. They have a slightly metallic lustre, and are soluble in 
water, nh did, aud ether. They absorb the latter us easily as calcium chloride abiitrb*. 
water. In the prssonao of alkalis these crystals remain‘unchanged, but with acids they 
evolve nitric oxides. There are several eomitound* which aro capable of interchanging* 
and correspond with Kouesin’a salt. Here wo enter Into ths series of Ure nitrogen 
compounds which have been as yet but little investigated, and will most probably in 
time form most instruutlve material for studying the nature of that element. These, 
aeries of compounds are ae unlike the usual saline compounds of Inorganic chemistry aa. 
are organic hydrocarbons. There is no necessity to deeerlbe these series In detail, because- 
Uidr connection with other compounds Is not yet dear, and they have not yet any 
application. 
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iron, 50 ; they aro metals of a moro basic character, they do not form 
stable acids or highor degrees of oxidation, and aro a transition to 
coppor, 03, and ssinC, 05. On tho other hand, mangancso, 05, and 
•chromium, 52, aro tho hoarost to iron ; they form both basic and acid 
oxides, and are a transition to tho motals possessing acid properties. 
In addition to having atomic weights approximately aliko, chromium, 
manganese, iron, cobalt, nickel, and .copper havo also nearly tho samo 

specific gravity, so. that tho atomic volumes and the molecules of their 

(analogous compounds aro also near to ono another (see fcablo at tho 

beginning - of this volume). Resides this, tho likeness between the 
/above-mentioned elements is also seen from tho following : 

They form suhoxides, ItO, fairly energetic bases, isomOrphous with 
magnesia—for itistanco, tho salt lty0 4 ,7ir a 0, akin to MgS0 4 ,71I a 0, 
and FoS0 4 ,7H a O, or to sulphates containing loss water; with alkali 
(Sulphates all form double salts crystallising with GH a O j all aro oapablo 
of formlfog ammonium salts, &o. Tho lower oxides, in tho cases of 
nickel and cobalt, ,aro tolerably stablo, aro not easily oxidised (tho 
•nickel compound with more difficulty than cobalt, a transition to 
.copper ); with manganese, and especially with chromium, they aro 
-more easily oxidised than with iron and pass into higher oxides. 
They also form oxides 6f the form and with nickel, cobalt, 

iand manganese this oxido is vo£y unstable, and is moro easily reduced 

than ferric oxide j but, in the case of chromium, it is very stablo, and 
forms the ordinary kind of salts. It is,isomorphous with ferric oxido, 
forms alums, is a foeblo base, &o. Chromium, manganese, nnd iron are 
oxidised by alkali and oxidising agents, forming salts like jNa a H0 4 j 
but cobalt and nickel aro difficult to oxidise j their acids are not known 
with any certainty, and are, in all probability, still less stable than the 
•ferrates. Cr.Mn and Fo form compounds It a Cl (i which are like Fo„01 a 
in many respects; in Co this faculty is weaker nnd in Ni it has almost 
disappeared. Tho cyanogen, compounds, especially of manganese and 
cobalt, ate very near akin to the corresponding ferrocyanidos. The 

.oxides of nickel and cobalt are jpore easily reduced to metal than those 

of iron, but those q£ manganese and ohromium are not reduced bo 
•easily as iron, and the metals themselves are not easily obtained in a 
•pure state; they aro oapable of forming varieties rosombling oast iron. 
Tho motals Cr,Mn,Fo,Oo, and Ni havo a groy iron colour and aro very 
.difficult to molt, but nickel and cobalt can be molted in tho roverbera- 
d/Oty furnaoo and aro more fusiblo than iron, whilst chromium is more 
.difficnJ* to melt than platinum (Dovillo). -Those metals decompose 
water,, but with greator difficulty as the atomic weight rises, forming a 
(transition to copper, which does not decompose water. All tho com- 
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pounds'of t!ios6 raotals havo various colours,-which aro sometimes very 
bright, especially, in tho higher stages of oxidation. 

These motals of tho iron group are ofton met with togothor in 
nature. Manganese nearly ovorywhero accompanies iron, and iron is 
always an ingroclicnt in tho ores of manganoso. Chromium is found 
principally as chrome ironstone—that is, a peculiar kind of magnotio 
oxide in which Fo fl 0 3 is replaced by Cr a 0 3 . 

Nickel and cobalt aro as inseparable companions as iron and 
manganoso, Tho similarity between thorn oven extends to such 
romoto properlios as magnetic qualities. In this series of motals wo 
find those which arc the most magnotio s iron, cobalt, and nickel. 
There is oven a magnotio oxido among tho chromium compounds, such 
being unknown in tho othor series. Nickel easily becomes passive in 
strong nitric acid. It absorbs hydrogen in just tho same way as iron. 
Tn short, in tho series Cr, Mn, Fo, Co, mul Ni, there aro many points 
in (•■ annum although there aro many dilTmmcos, as.will bo scon still 
more Clearly on becoming acquainted with cobalt and uickol. 

In nature cobalt is principally found in combination with arsonio 
and sulphur. Cobalt arsenide, or cobalt njwins, CoA? 2 , is found in 
brilliant crystals of tho regular system, principally in Saxony. Cobalt 
glant'<% OnAn.jOoBy, resenddes it very much, mid 'also belongs to tho 
regular system ; xt in found in Sweden, Norway, and tho Caucasus. 
KitpfcniU'kti is a- nickel oro in cuiuliinaticm with ursouie, but of a 
dilU’cent eoinpnsilinii from cobalt arsenide, having tho formula NiAs; 
if. is found in Bohemia and Saxony. It has a copper-rod colour and is 
rarely crystalline ; it is so called because tho miners of Saxony first 
mistook it for an oro of copper (Kupfer), but woro unable to ox tract 
copper from it. Nickel glance, Ni8 s ,NiAa 9 , corresponding with cobalt 
glance, is also known. Nickel accompanies tho ores of cobalt and, 
cobalt those of uickol, so that both motals aro found together. Tho 
ores of cobalt aro worked in tho Caucasus in tho Government of 
Kli/.avefnpi >l;ik. Nickel ores containing aqueous hydrated nickel silicate 
an'found in Urn Ural (KuvdiuiiiU). Large quantities of a similar oro 
aro exported into Europe from New Caledonia. Both orc.Ji contain 
about 12 per cent. Ni. (laniurUc, (IKL^lljUaO, whom lt=Ni 
and Mg, predominates In tho Now Caledonian oro. Largo deposits of 
nickel have been discovered in Canada, where the oro (as niokelous 
pyrites) is free from arsenic. Cobalt is principally worked up into 
cobalt compounds, but nickel is generally reduced to tho metallic slato, in 
wlii.-h it is now often used for alloys—-for instance, for coinage in many 
European Ht&twi, and for plating other metals, because it dees not 
©xidlm Cobalt arsenide and cobalt glanco aro principally used for the 




(854 


PRINCIPLES OF‘CHEMISTRY- 


preparation of cobalt compounds j they are first sorted by discarding? 
the rocky matter, and then roasted. During this process most of the 
sulphur and arsonio disappears j tho arsonious anhydride volatilises 
with tho sulphurous anhydride and the metal also oxidises. 8a It is a» 
simple matter to obtain nickel and cobalt from their oxides. In ordex* 
'to obtain the latter, solutions of their salts are treated -with sodiufcn 

88 Tho residue from tho roasting of cobalt oroa is colled tsajflor, and is often mot wltt* 
In commerce). From this the purer compounds of coholt may ho prdparod. Tho ores of 
nickvl arc also first roasted, and tho,oxides dissolved in acid, nickolous salts being them 
obtained. 

Tho further treatment of cobalt mid nickel ores is facilitated if tho arsenic can bo 
nlmoHt ontiroiy removed, which may bo effected by roasting tho oso a second tlmo with A 
small addition of nitre and sodium carbonate i tho nitre combines with tho arsonio, 
forming an arsunious salt, which may bo extracted with water. The remaining mass tos 
dissolved in hydrochloric acid, mixed with a small quantity of nitric aoid. Coppor, iroax# 
’manganese, nickel, cobalt, (tee., pas# into solution. By pasting hydrogen sulphld© 
through the solution, copper, bismuth, lead, and amnio are deposited as metallic sul¬ 
phides j hut iron, cobalt, nickel, and manganese remain in solution, If an alkaline solu¬ 
tion of bleaching powder bo then added to thp remaining solution, tho whole of tho 
manganese will first bo deposited iri the form of dioxide, then tho cobalt as hydratoA 
eob&ltio oxide, and finally tho nickel also. It is, however, Impossible to roly on thl® 
inothod for effecting a complete separation, tbo more so since tbo higher oxides of the 
tliroo abov 6 *montioncd rpctale hayo all a black oolour; but, after a few trials, it will bo 
i easy to find how muoh bleaching powder Is required to precipitate tho manganese, and 
the amount which will precipitate all the oobalt. The rmngtuio&e may also be separated 
' from oobalt by precipitation from a mixi are of the solutions of both metals (in tho form of 
the ' oua’ salts) with ammonium sulphide, and then treating the precipitate with aootio 
acid or dilute hydrochlarlo aoid, in which manganese sulphide is easily soluble and cobalb 
sulphide almost insoluble. Brother particulars relating to the separation of oobalt from 
nlokcl may be found in treatises on analytical chemistry. In praotloo it is usual to roly aix 
tho rough method of separation founded on-tho fact that nlokol is more easily roduood anA 
more difficult to oxidiso than cohalt. The New Caledonian ore is smelted with GaSO* 
and CaCOj on coke, and a metallic regulus is obtained containing all tho Nl, Fo, and 0. 
This is roasted with SiO„, which convert# all tho iron Into slag, Whilst tho Ni romeUnu# 
combined with tho R •, this residue on further roautlng give® NiO, which is roduood by tho 
oar bon to metallic Ni. Tho Canadian ore (a pyrites containing 11 p. o. Nl) is frequently 
treated in America (after a preliminary dressing) by smelting it with NttflSO* andl 
charcoal i tho resultant fusible N&gS than dissolves tho CuS and Fe 8 », while tho NSS 1* 
obtained in a bottom layer (Bartlett and Thomson’s process) from which Ni is obtained 
in the manner described above. 

For manufacturing purposes somewhat impure cobalt compounds are frequently used, 
which are converted into mali* This is glass containing a certain amount of oobalb 
oxide) the glass acquires a bright blue oolour from this addition, so that when powdered 
it may he used as a blue pigment 5 it is also unaltered at high temperatures, so 
that it used to take the place now occupied by Prussian blue, ultramarine, dto. M 
prosont smalt is almost exclusively used for colouring glass and china, To prepaid 
einalt, ordinary impure oobalt ore (saffro) is fused in a oruoiblo with quarts and potassium 
' carbonate. A fused mass of cobalt glass is thus formed, containing bIUoo, cobalt oxide, 
i apd potassium oxide, and o> metallic mass remains at tho bottom of the crucible, oon- 
tobfing almost all tho other metals,,arsenic, nickel, copper, silver, &a. This "motalUo 
®t&88 to nailed tprf**, and is used as nickel ore for the extraction of nlokel. Smalt usually 
oontafus 70 p,c. of silica, 0 Qp.e. of potash and soda, and about 6 to 0 p.o. of oobaltoua 
tfiddei tiie remainder consisting of other metallic oxides. 
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carbonate *nd tho precipitated'carbonates are heated; the suboxides 
aro thus obtained, add these latter are reduced' In a stream o£ 
hydrogen, or even by heating with ammonium chloride. They easily 
oxidise when in the state of powder. WheA the chlorides of nickel 
and oobedt are boated in a stream of hydrogen, tho metal is deposited 
in brilliant scales. Nickel m- always much more easily and quickly 
reduced than cobalt. Nickel molts more easily than cobalt, and this 
even furnishes a moans of testing the heating powers of a reverberatory 
furnace. Cobalt fuses at a temperature only a little lower than that 
■at which iron does. In general, cobalt is nearer to iron than nickel, 
nickel being nearer to copper. 8 * Both niokel and oobalt havo mag¬ 
netic properties like iron, but Co is less magnetic' than Fe, and Ni still 
less so. The speoiflo gravity of niokel reduced by hydrogen is 9 - l and 
that of oobalt 8*p. Fused cobalt has -a speoiflo gravity of 8'5, tho 
density of ordinary niiekol boihg almost tho samo. Nickel lias.a greyish, 
silvery-whito colour ; it is brilliant and very ductile, so that 'tUo'finopt, 
wire may bo easily drawn from it. This wiro has a resistance to 
tension equal to iron wiro. Tho beautiful colour of nickel, and tho 
high polish which it' is capable of receiving and retaining, as it does 
not oxidise, render it a useful metal for many purposes, and in 
many ways it resembles silver. 351 ,rl It is now very common to cover 

bh.h 411 xvii know rnnpootlng tho inliitiimn of Co unit Ni to fro and Cu confirms tlio 
(act that Co in mciro closely related to Po ami Ni to Cu; anti as thn atomic weight ot 
Fu ■» 60 ain't of Cu *•> 68 , Ui.iu aoudrdiug to tint principles of tlio periodic system it would 
bo expected that tlio utoniiu weight of Cti would bo about OflrflQ, whllatthat of Ni should 
bo greater than that of Co but 1 mm thou that of Cu, i.e, crjboiit 60,’fl—60‘6. However, as 
yet the majority of tk» determinations of tho atomic weight! .of Co and Ni give a 
differ out result and show that a lower atomic weight le obtained for NI than for Co. 
Tima K. Winkler (1894) obtained (employing meted* deposited eleotmlytioally and deter* 
mining this amount of lotliim whiob combined with them) Ni ® 68‘72 and Co ■ 69'87 (if 
K *• 1 and I » In my opinion this should not be regarded aa proving that the 

principles of the periodic eyttem cannot be applied in this instanoe, nor as a reason for 
altering tiih position of these elements in the system (i.e. by placing Ni after fro, and Co 
next to Cu), because in tho first plate© the figures given by different chemists (for imiloneo, 
Zlmmnrmami, Krlltm, and others) &rn somewhat divergent, and in tho sueoihI plnuo tlio 
majority of Dm latest modus n( determining tho'atomic wuightn of Co and Ni aim at 
finding what weighta of thus© mutads react with known weights ot otlior oloinouts without 
taking into account the faculty they havo of absorbing hydrogen; slnoo this faculty Is 
more developed In Ni than in Go tho hydrogen (occluded in Ni) should lower the atom to 
weigh* of Ni more than that of Co. On the whole, the question of the atomic 
weights of Co and Ni emmti yet be considered as. .decided, notwltestending • the 
'kubmmim i»Ma»eh*« whWb have b§#» mudef atm there eon be no doubt teat th« atomio 
weights of these two metals are vwy nearly equal, and greater than that of Fe, but lass 
titan that of Cu. This question it of great interest, not only for completing our know¬ 
ledge id Ihuwt metals, but also tar pertaotlng our knowledge of tho periodicsystem'of tho 
dkuueut*. 

For instance, thn alkalis may be fused in niokel vessels as well aa in siivfur* 
boOMM they have no action upon either metal. Niokel, like tllvor, is not acted upon bjff 
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sOfchor motala with a layor of nickel (nickel plating). This is 'dene by a 
process of cloctro-plating, using a solution of a nickel salt. The 
colour of cobalt ia dark and redder ; it is also ductile, and has a 
.greater tensile resistance than iron. Dilute aoids act very slowly on i 
nickel and cobalt; nitric acid may bo considered as tho boat solvent! 
for them. Tho solutions in every case contain salts corresponding with 1 
tho ferrous salts—that is, tho salts CoX a , NiX a , corresppnd with tho 
suboxides of these metals. Thoso salts in their typos are similar to tho 
magnosium salts. Tho salts of nickel when crystallising with watoi* 
Obavo a grocn colour, and form bright groon solutions, but in tho anhy¬ 
drous stato thoy most frequently liavo a yellow colour. Tho salts of 
cobalt arc generally roso-colourod, and generally bluo whon in tho 
anhydrous state. Their aqueous solutions aro roso-colourod. Cobaltous 
'•chlorides is easily soluble in alcohol, and forms a solution of an intense 
blue colour. 88 

-dilute aoids. Only nitrlo aoid dissolves both metals well. Nickel is harder, and fuses at' 
•n higher temperature than silver. For eastings, a small quantity of magnesium (O'OOl 
part by weight) is addotl to niolcol to rondorlt mnro homogeneous (just as aluminium is 
added to stunl). Niekol forms many valuable alloys. Stool containing 8 p.o. Ni is par¬ 
ticularly valuable, its limit of olastioity is higher and its hardness Is greater; it is used 
for armour plate and other largo plooos. Tho alloys of nickel, especially with oopper and 
sino (mdohior, ass later), aluminium and silver* although used in certain coses, ore now 
replaced hy nickel-plated Or nlokel-depostted goods (deposited by eleotrlolty from a 
solution of the ammonium salts). 

83 Tho change of colour is dependent in all probability on tbo combination with 
.\fater, or aooording to others on polymeria transformation. It enables a solution of 
cobalt cblorldo to bo used as sympathetic ink. If something bo written with cobalt 
'ohlorido on white paper, it will bo invisible on acoountof tho foobla colour of llm solution, 
and whon dry nothing can ho diHtiuguiidiod. If, however, tho paper ba boated before tho 
flvo, tho roso-onlourod salt will bo changed into a loss hydrous bluo salt, and the writing 
will become quita visiblu, but fiulo away whon cod, 

Tho change of colour which takas plan, in solutions of Coda under tho influence not 
only uf solution in water or alcohol, but also of a change of temperature, is a character¬ 
istic of nil tho balogun nails of cobalt. Crystalline imlido of cobalt, CalgOIIjO, gives ft 
•dark rod solution between —22°'and + 510°; above +20° tho solution turns brown and 

f asses from olive to green, from + 85® to 890° the solution remains green. Aooording to 
Hard tiro ohango of colour is due to the fact that at lint tho solution oontains tho 
hydrate O 0 I 9 H 9 O, and that, above 86 °, it oon tains CoIgdHgO. Those, hydrates can be 
crystallised from the solutions; the former at ordinary temperature and tho latter on 
heating tho solution. The Intermediate olive colour of the solutions corresponds to tho 
incipient decomposition of tho hexahydrated salt and its passage into OoIg4H tt Q. A 
solution of tho hexahydrated ohlorido of cobalt, GoCl 8 flH 9 0 , is rose-coloured between 
- 22 ° and +25 °; hut tho colour changes starting from +28°, and passes through all 
tho tints between red and bluo right up to 80°; a true Muo solution Is only obtained 
at BB° and remains up 'to 800°. This true bluo solution contains another hydrate. 
CoClaSEjO. 

The dependence between tho solubility of tho iodide and chloride of oobalt said 
hd temperature is expressed by two almost straight linos corresponding to the hexrt* 
and di-hydrates; tho passage of the one into the other hydrate being expressed by a 
vnirvo. Tho same character oft phenomena is Soon also’ in the variation of the- vapour, 
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If a solution of potassium hydroxide be added to a solution of a 
cobalt salt, a blue precipitate of the basic salt will be formed. If a 

tension of solutions of chloride of cobalt with the temperature. Wo have repeatedly 
seen that aqueous solutions (for instance, Chapter XXII., Notq 98 for Fo a Cl 8 ) deposit 
different orystallo-hydrates at diileront temperatures, and that the amount of water 
in tho hydrate doorcases an the tomporaturo t risen, eo that it in not surprising that 
CoClqSTIjjO (or according to FoliliUtm GoC] 3 II 3 0) should sopavato out above 815° and 
OoCl 3 flH 3 0 at 26" and below. Nor is. it exceptional that tbo odour of a salt varies 
according as it contains different amounts of H a O. But in this instance it is character¬ 
istic Chat tlio change of colour takes place in solution in tlio presonoo of an oxoobb of 
water. This apparently shows that tho actual solution may contain either CoC1qOH s O or 



Nickel sulphate crystallises from neutral solutions at a tomporaturo of from 16° to 20 ® 
(n rTwmbio crystals containing 7H 3 0. Its form approaches very olosoly to that of the 
(alts of due and magnesium. Tbo pianos of a vertical prism for magnesium salts are 
Inclined at an nuglo of 00 " in)', for rlno salts at an angle of 01 ° 7', and for nickol salts at 
analogic of 01 ° ID'. Hush is also tho form of the sr.ine and magnesium solonalos and 
chromates. Cobalt sulphate containing 7 molecules of water is deposited in crystals 
of the monoclinic. system, like tho ourro(q>onding salts of iron and manganese. Tho angle 
of a vertical prism for the iron salt » 89° 90', for cobalt « 69® 92', and tho inclination of 
the horizontal pinooold to the vertical prism for tho iron salt «■ 09° 2 ', and for tho cobalt 
Balt 00 ° 88 ' All tire Isomorphous mixtures of the salts of magnesium, iron, cobalt, 
nickol and manganese have the same form if tlioy contain 7 mol. H a O and Iron or cobalt 
predominate, whilst if then) is a preponderance of magnesium, sine, or nickol, the 
crystals have a rhombic form like magnesium sulphate. Ilenoe these sulphates are 
dinii<ri>hnus, but tor immn tho one form is mere stable and for others tho other. Brooke, 
M* ms, Mitucherlieli, Itunmi«ilnborg, and Marignao have explained theso relations. Brooke 
and. Mitschorlioh also supposed that NiHO^/nr./l is not only capable of aimnmlng those 
forms, but also that of Urn tetragonal system, iHicauue it is deposited in this form from 
acid, and usjw'ially from Nlightlydinatod solutions (Ml)" to 40 n ). But Marignao demon¬ 
strated that the tetragonal crystals do net contain 7, but 0, molecules at water, NiRO.(,CHaO. 
II® also observed that a solution evaporated at 80® to 70° deposit* monoelinio crystals, 
but of a different form from ferrous sulphate, F#SO.(,7H a G—namely, the angle of the 
prism ia 71° 18 *, that of the plnsooid 9S° &. This salt appears to be the same with 6 
mohxulm of water m the tetragonal. Marignao also obtained magnesium and sine 
•alts with 8 molewlM of water by evaporating their solutions at a higher tem¬ 
perature, and these salts ware found to be isoraerphous with tho raonoolinlo 'nickel salt. 
In addition to this It must be observed that the rhombic crystals of nickel sulphate with 
71I 3 0 become Uirlml under the influence of heat and light, Iobo water, and change into 
the tetragonal salt. Tint monoelinio crystals in timo also become turbid, and change 
their structure, so that tho tetragonal form df this salt i« tho most stable. Let us also 
add that nirliel sulphate in all its shapes forms very beautiful emerald groon crystal 8 , 
which, when heated to U80 assume a dirty grmmlHh-yollow hue and then contain ono 

Xlobb (Mil) and Langlot and Lenoir obtained anhydrous C 08 O 4 and NiSO< by 
the hydrated salt with (NKUfoHO^ until the lumn&nium (writ hod completely 

velakfltoed mi 

We may add that whim equivalent aqn#ow solutions of NOT a (green) and OoX a (red) 
are mixed together they giv* an atmart colourless (grey) eolation, in which tho green and 
iod colour of the component parte disappears owing to the oombinatioto of tho comple¬ 
mentary colours. 

A double salt NiKFj is obtained by heating NIOlj wlthKFHFin a platinuroioruoiblei 
KCoF ( i# formed In a similar manner. The nickel salt occurs In fine green plates, easily 





air bo not completely excluded during the precipitation by boiling, tlx© 
precipitate will also contain brown cobaltic hydroxide formed by tlx© 
further oxidation of the cobaltous oxide, 34 Under similar circumstances 
nickel salts form a green precipitate of nickelouti hydroxide, the forma¬ 
tion of which is not hindered by the prosonoo of ammonium salts, but* 
in that case only requires more alkali to completely sopamto tlx© 
nickel. The nickolous oxido obtained by heating the hydroxide, of 
from the carbonate or nitrate, is a grey powdor, easily soluble in aeicta 
and easily reduced, but tho same substance may bo obtained in tlx© 
crystalline form as an ordinary product from tho ores ; it cry stall isofl 
in rogular ootahedra, with a metallic luatro, and is of a grey colour* 
In this state the nickolous oxide almost resists tho action of acids. 3 * bf ® 

soluble In water but scaroely soluble In ethyl and-methyl aleohol, They decompose Into 
..green oxide of nlolcol and potassium, fluoride when heated In a ourront of air. Tho 
analogous salt of cobalt crystallise# in crimson flakes. 

If instead of potassium Auortclo, OoOiq or N10I 4 bo fusod with ammonhun fluorltlo, 
they also form double salts with the latter. This gives tho possibility of obtaining? 
anhydrous fluorides NIFq and QoF,. Crystalline fluoride of nlolcol, obtained bjr 
heating the Amorphous powdor formed by decomposing the double ammonium salt It* 
a Btreara of hydrofluoric aold, ooours in beautiful green prisms, sp. gr, 4*88, which aro 
Insoluble In water, alcohol, and other; lulghurfe, hydrochloric, and nitric acids also hav® 
no action upon them, even when heated} ISflFq le decomposed by steam, with the forma¬ 
tion of block oxido, which retains thi crystalline struoture of tho salt. Fluoride ofi 
cobalt, obtained as a r6se>ooloured powder by decomposing tho double ammonium salfe 
with tho aid of lioat In a stream of hydrofluoric aold, fuses into a ruby-colonml man® 
which boars distinot signs of n orystallino structure; sp. gr. 4*48. Tho multon salb 
only yolatiiiflos at sjbout 1400°, which forms a clear distillation between CoF a and tho 
volatile NiFq/ HydrooliTorlo, snlphurio, and nitric acids art upon CoF 9 ovon in the acid, 
although slowly, while when heated the reaction proceeds rapidly (Foulono, 1802), 

& Hydrated snjioxido of cobalt (do Bchultou, 1880) la obtained in tho following 
manner. A solution of 10 grams of CuCl.j(lir/> in 00 o.e. of water Is heated in a flask 
with 250 grams of oaustio potash and a stream of coal gas is passed through the solution. 
■When heated tho hydrate of the snboxida of cobalt which separatee out, dissolves fn tho 
oaustio potash and forms a dark blue solution. This solution is allowed to stand for M 
hours in an atmosphere of coal gas (in order to prevent oxidation). The crystalline mass 
which separates out has a composition Oo(OHk, and to the naked eye appears as a violet 
poweter, which is seen to be crystalling under tho microscope. The specific gravity of 
this hydrate Is 8*607 at 16°, It does not undergo ohange In the air} warm aostio add 
dissolves it, bub It is Insoluble fn worm and cold solutions of ammonia and sal- 
ammoniac. 

84 bln Tho following reaction may bo added to those of the cobaltous and niokeloua 
salts: potassium oyanidc forms a precipitate with •cobalt salts which Is soluble li) an 
excess of the reagont and ferns a groan solution. On heating this and adding a certain 
quantity of aold, a double cobalt cyanide is formed which corresponds with potassium 
fendeymaa* Its formation.Is accompanied with tho evolution of hydrogen, and la 
teundedttponthe property whioh bobnlt has of oxidising in an alkaline solution, the dq* 
velopment of whioh has boen 'obuervod in such a considerable measure in live oobal taming 
eplts. The pro<564» which goes on here may be expressed by the following equation | 
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It is interesting to note the relation of the coba]tous and nickelous 
hydroxides to ammonia ; aqueous ammonia dissolves the precipitate of 
cobaltous and nickelous hydroxide. The blue ammoniacal solution of 
nickel resembles the same solution of cupric oxide, but has a somewhat 
reddish tint. It is characterised by the fact that it dissolves silk in 
the same way as the ammoniacal cupric oxide dissolves cellulose. Am. 
monia likewise dissolves the precipitate of cobaltous hydroxide, forming 
a brownish liquid, which becomes darker in air and finally assumes a 
bright red hue, absorbing oxygen. The admixture of ammonium chloride 
prevents the precipitation of cobalt salts by ammonia j when the am¬ 
monia is added, a brown solution is obtained from which, as in the 
case of the preceding solution, potassium hydroxide does not separate 
the cobaltous oxide. Peculiar compounds are produced in this solution j 
they are comparatively stable, containing ammonia ancl an excess of 
oxygen ; they bear the name cobaltoamine and cobaltiamine salts. They 
have been principally investigated by Genth, Frdmy, Jorgenson and 
others. Genth found that when a cobalt salt, mixed with an excess of 
ammonium chloride, is treated with ammonia and exposed to the air, 
after a certain lapse of time, on adding hydrochloric acid and boiling, 
a red powder is precipitated and the remaining solution contains an 
orange salt. The study of these compounds led to the discovery of a 
whole series of similar salts, some of which correspond with particular 
higher degrees of oxidation of cobalt, which are described later. 33 

CoCjNj+ 4K.CN first forms CoK^CgNg, which salt with water, HjO, forms potassium 
hydroxide, KHO, hydrogeil, H, and the salt, KjCoCoNg. Here naturally the presence of 
the acid is indispensable in consequence of its being required to combine with the alkali. 
Prom aqueous solutions this salt crystallises in transparent, hexagonal prisms of a yellow 
colour, easily soluble in water. The reactions of double decomposition, and even the 
formation of the corresponding acid, are here completely the same as in the oase of the 
ferrioyanide. If a nickelous salt be treated in precisely the same manner as that just 
described far a salt of cobalt, decomposition will occur. 

85 The oobalt salts may be divided: into at least the following classes, which repeat 
themselves for Cr, Ir, Rh (we shall not stop to consider the latter, particularly as they 
closely resemble the cobalt salts) 

(a) Ammonium cobalt scdta, which are simply direct compounds of the cobaltous 
jjpnlts CoX 2 with ammonia, similar to various other compounds of the salts of silver, 

copper, and oven calcium and magnesium, with ammonia. They are easily crystallised 
from an ammoniaoal solution, and have a pink colour. Thus, for instance, when 
cobaltous chloride in solution is mixed with sufficient ammonia to redissolve the 
precipitate first formed, octahedral crystals arc deposited which have a composition 
CoC1 2 ,HjO, 6NH 3 . These salts are nothing else but combinations with ammonia of 
crystallisation—if it may be so termed—likening them in this way to combinations with 
water of crystallisation. This similarity is evident both from their composition and from 
their capability of giving off ammonia at various temperatures. The most important 
point to observe is that all these salts Contain 6 molecules of ammonia to 1 atom of cobalt, 
and this ammonia isheldinfairlystableoonneotion. Water decomposes these salts. (Nickel 
behaves similarly without forming other compounds corresponding to the true cobaltio.) 

(b) The solutions of the above-mentioned salts are rendered turbid by the action of 
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Nickel does not possess this proporfcy of absorbing the oxygen of the ait" 
when in an aramoniaoal solution. In order to understand this distino" 

(ho aif; they absorb oxygon ami become oovorod with a crust of oxycobaltamuie salts* 
The latter aro sparingly soluble In aqueous ammonia, havo a brown colour, and ar® 
characterised by th^.,** t that with warm water they evolve oxygen, forming salts of tho 
following oatogory: a'lio nitrate maybe taken as an example of this kind of salt; it* 
composition is CoNsOj^NHj.HsO. It differs from oobaltous nitrate, Co(N0 3 ) a , ip co»* 
tainlng on extra atom of oxygen—that is, it oorrosponclB with cobalt dioxida, CoO*, ft* 
the same way that tire first salts correspond with cobaltoue oxide; they contain 5 , ant® 
not 6 , molooules of ammonia, as if NH 5 had boon roplaood by 0 ,but wo shall afterward* 
moot compounds containing cither CNIIj or 0 NII 3 to each atom of cobalt. 

(r) The luteocohtiltic suits aro thus called bocuuso tlmy havo a yellow (lutouw) 
colour. Tlmy aro olitniucul from Urn Malts of tho first kirul by submitting them in dilufc® 
solution to tho action of tho air; in this rasa saltn of tho second kind are not formed» 
bo'eauso they aro decompound hy an oxeuss of water, with tho evolution of oxygon and 
tlm formation of luteocobnltm saltn. Ily tho aotion of ammonia the salts of tho flftT* 
kind (roBuooobaUio) aro alwo converted into luteocobaltio salts. Those last-named salt*)* 
generally crystallise readily, and have a yellow colour} they aro comparatively muoB* 
more stable than the preceding onos, and even for a certain time resist tho aotion of 
boiling water. Boiling aqueous potash liberates ammonia and precipitates hydratod 
cabal tie oxide, CJojOg^HaO, from them. This shows that tho luteoeobaltic salts oorra- 
epond with oobaltlo oxide, Co 3 0 3 , and those of Uio second kind with tho dioxides* 
When a solution of lutoocohultio sulphate, Co,,(H 04 )j, 19 NII 3 |<lH a O, is treated wlbH 
baryta, barium sulpliato is precipitated, and tho solution contains luteocobaltio 
hydroxide, Co(OH)j,flNIIj, which is solnblo in water, is powerfully alkaline, absorbs* 
the oxygon of the air, and when heated is decomposed with tho evolution of am¬ 
monia. This compound therefore corresponds to a solution of oobaltlo hydroxide In 
ammonia. The luteooabaUlo salts contain 9 atoms of cobalt and 19 molecules <*t 
ammonia—that is, 6 NHg to oooh atom of oobolt, like the salts of the first kind. Tim 
CoX* salts have a metallic taste, whilst those of luteccabalt and others havo a purely 
saline taste, like the salts of the alkali metals. In tho luLoo-snlbs all tho X’a react (aro 
ionised, as scums chemists say} os in ordinary salts—tor instance, all tho Cl 9 is pre¬ 
cipitated by a solution of AgNOj; all tlm (H0 4 ) 3 gives a precipitate with IhiX a , &o. 
The double salt formed with I’tCl, Is com postal in tho namo mannor as tlm potassium 
Bftlt,K 3 rtCl.,^9KCl t rta 4 , that is, contains (CoClj.nNn^.llIHCl,,, or tho amount of 
chlorine in llio IHC!1 4 Is d mi Ido tlmt in tlm alkaline salt. In tho rosopontamino (c), ancl 
rosotolrnmine (/), salts, also all tlm X’« react or are ionised, but in tlm (g) and (A) salts 
only a portion of tlm X's react, and tlmy are equal to tho (e) and (/) salts minus water ; 
this means that although tho water diHsulvou them it i« not combined with thorn, tvs 
J?HO # differs from PlIjO* [ phenomena of this class correspond exactly to what has 
been already (Chapter XXL, Note 7 ) mentioned respecting the groon and violet salts of 
oxide of chromium, 

(d) Tht fntcembaMio salt*. ka ammoniaoal solution of cobalt salts acquires a brown, 
oclon In the air, due to the formation of those salts. They are also produced by th» 
decomposition of salts of the second kind; they crystallise badly, and arc separated from 
their solutions by addition of alcohol or an exoess of ammonia. When boiled they give 
op tho ammonia and oobaltlo oxide which they contain. Hydrochloric and nitrlo acids 
givo a yellow precipitate with these salts, which turns red when boiled, forming salts of 
the next category. The following Is an example of tho composition of two of the fusca-* 
oobaltlo salts, Co a O(80 4 ) a ,8NH 3 ,4H a O and Co^CCk, 8 NHs ( 8 H a O. It Is evident that tho 
fusoooobaltlo salts are aramoniaoal compounds of boslo oobaltlo salts. Tho normal co- 
bolide sulphate ought to havo tho composition € 03 ( 804)5 ■ Got| 0 3 , 8 SOs 5 the simplest 
baBlo aidtB be Oo R 0(S0 4 ) 4 «• Co»C> 5 j»SO„ and CteaOBtSO^CtejOa.SOj. The- fusoo- 
oobaltlo flftlta corrmipond with the first type of basic salts. They are changed (in con¬ 
centrated solutions) Into pxyoobaltauvlne salts by absorption of one atom of oxygen» 
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tion, and in general the relation of nickel, it is important to observe 
tlmt cobalt more oasily forms a higher dogroe of oxidation—namoly, 

Co 3 Oa(B 04 )g. Tho whole prooese of oxidation will bo as follows: flrBfc of all Oo a X <( a 
cohaltou# salt), Is in tho solution (X a univalent haloid, 2 moloouloa of tho salt being 
taken), thou Co a OXi, tho haalo cobaltio salt (<lth scries), then Co a O a X 4 , tho salt of the 
dioxide (2nd series). Tho fiorios of basin salts with an acid, 2I1X, forms water and a 
normal salt, Co 8 X fl (in fl, fi, <1 unrios). Thoso salts aro combined with various amounts of 
water and ammonia, tlmlor many conditions tho salts of fuscocobalt aro easily trans- 
fonni'd into salts of the next HoricB. Tho salts of tho eorlos that lias just boon doscribod 
contain 4 molsculun of ammonia to 1 atom of cobalt. 

(e) 'The roscocolmUio (op raaepentamine), CoX 3 H,jO,(1NH 5i edits, like tho lutoo- 
cobaltio, correspond with tho normal oobaltio salt*, but contain loss ammonia, and an 
extra molecule of water. Thus the, sulphate is obtained from oobaltoua sulpbato 
dissolved In ammonia and loft exposed to the air until transformed into a brown solution 
of tho fuseoooboltlo salt; when Oils is treated with sulphuric aoid a orystallino powdor 
of the rosaoooballio salt, Ca a (BO <t )3,10NH 3 ,BH 3 Q, soparatos. The formation of this salt 
is oasily understood: coital tons sulphate In Urn presence of ammonia absorbs oxygon, and 
tlio solution of tho fmicnmibalt.il'. salt, will therefore contain, like oohaltnun sulplialo, ono 
part of mdidinrii* acid to every part of cobalt, so that l,bo wllnlo process of formation may 
be tntprenn'd by the i-i|uali<>n : lltNHj I Uf’eSO.,^ II a H0 4 I- 411,0 i- 0 Cn.j(SO.|)s,ll>NIJj, 
611,0. This salt fmimi tetragonal crystals of a red colour, slightly soluble in cold, but 
readily soluble in warm water. When tho sulphate is treated with baryta, roaoocobaHio 
hydroxide is) farmed in tho solution, which absorbs tho oarbonio anhydride of tho air. 
It is obtained from the next series by tho action of alkalis. 

(/) The reset et famine cohnltia ealh CoCl^QIIaO.dNIIj Wero obtained by Jtirgonson, 
amt beluiiglo (.he typo of thu lnleu-sallw, only with tho substitution of QNIIs for H a O. 
Idle' the lulc'o- and roneo-saltn thi'y give deublo sallu with 1’tCL, similar to tbo alkali no 
double Haiti*, for inutanco (t’o'JlI/htNII,i)U(S0 1 ).j(tl. J l > tGl.|. They are darker in colour 
than the preceding, but ubio crystallise well. They are formed by dissolving CoCO.i in 
sulphuric acid (of a giveji stn ugtb), and uftur NIIj and carbonate of ammonium have 
Ihhiii added, air is passed through thu solution (for oxidation) until the latter turns red. 
It i# then evaporated with lumps of carbonate of ammonium, filtered from tho precipi¬ 
tate and crystallised. A salt of tho composition Co5j(CO s ) a (B0 4 ), (UlIgO,4NHj) a is thus 
obtained, from which the other salts may bo easily prepared, 

(y) The purpureoeabultie salts, CaX@,BNlI®, aro also product* of the direct oxidation 
of aramoaiocal solution* of cobalt enlt*. They are easily obtained by heating the rosso* 
oobaltio and luteo-salt* with ekmg Adds. They ore to all effects the *Ame as tho 
roeenoabaHie salts, only anhydrous. Thus, for instance, the purpureooohnltio chloride, 
CojCJWONII,, or CoCls,BNIIg, is obtained by boiling the oxycobaltamtne salts with 
ammonia, Timm Is the name distinction between those salts and tho preceding ones as 
between tho various compounds of oobaltoua ehlorldo with water. In tho purpuroo- 
eobaUir oidy X*, out of tlm X 3 ruaut (are Ionised) To tho rntiotolnimino salts (/) thoro 
ofim"ip"iid tl<«' j’tirjiurroielmtninr nalts,C iiXjUjO^NIIj. Tlio corresponding chromium 
purpuroi'ii’iititmitio salt, (’rCfl-.tiNHj is obtained with particular caso (Chmlenacn, 1808). 
Dry anhydrous chromium chloride is treated with anhydrous liquid ammonia in a 
framing ndxtnra compound of liquid CO, and chlorinu, and after some time tlio mixture 
is taken out of the firming mixture, so tlmt the oxocss of NHj boils away; the violet 
erystadi then i mm ediately acquire the red colour o( tho salt, CrCl 3 ,BNHs, whioh is formed. 
The produet is washed with water (to Metmot the luteo-salt, Cr01*6NHj), which does not 
dissolve the wit, Mid St is then rteryttallised item a hat solution of hydrochloric aoid. 

(h) Tim pmneamkalUe salts, CaX| ( 4NHj, aro green, and form, with respect to tho 
JrtwUitramirm waits (/), tlio products of ultimate dehydration (for example, like meta- 
phosphtiriti acid with respect to orthophosphorio add, but in dissolving in water they give 
neither rosutclramlna nor tetramlne salts, (In my opinion one should expect salts with 
a a till smaller amount of NIIj, of the blue colour proper to tho low hydrated compounds 
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mquioxide of cobalt, cobaltio oxide, Co s O a —than •nickel, especially *** 
the presence of hypoohlorous acid. If a solution of a cobalt ealO ^ 

of cobalt; tho green colour of the praseo-aalta alroady forma a step towards the fait****? 
Jbrgonson obtained salts for ethylene-diamine, NgH^CaH, which replaaos 2NH 5 . A* 4 ®**' 

being kept a long time iu aqueous solution they give rosctetramlno salts, just as 
phosphoric add gives orthopbosphorio acid, while tho rosetatramine salts or© ooav’O*'’ 4 '* 3 ** 
tot© prawo-salte by Ag a O and NaHO. Here only oneX is ionised out of tho X«. fTl*®®* 5 ® 

also basic tolls of the some type; but the best known is tho chromium ealt odledL tiw» 
fhodoiochromlQ salt, Cr 9 (OH) s a 8 ,6NHa,aEaO, which is formed by tho prolonged cc©*' 1 **® 1 
of water upon tho oorrnsponding raseo-salt.- 

The cobaltamlno oompounds differ essentially but little from tho ammoniaool a** 1 *** 
pounds of other metals. Tho only difference is that hero tho oobaltlo oxide is 
from tho cobaltona oxido in tho presence of ammonia. In any case It ie a simpler qua***’** 1 ®® 
than that of tho double cyanides. Those forces iu virtue of which such a consider**-!*^* 
number of ammonia molecules are united with a molecule of a cobalt compound, o-pj****'* 
tain naturally to the series of those slightly investigated forces which exist oven in ****** 
highest degrees of combination of the majority of elements. They are the earno foJf*** - 
which lead to the formation a{ compounds containing water of crystallisation, dowl 1 ^ 
ealt#, isomorpheua mixture# wad complex adds '^Chapter XXI., Note 8 bis). Tt*# 
eimpkrt conception, according to my opinion, of cobalt compounds (much mom so tet*****® 
by Mumming special complex radicles, with Sehiff, Weltsien, Olaus, and others), m@.y *** 
formed by comparing them with other oaunoaiaeal products. Ammonia, like water, 
bines in various proportions with a Multitude of molecules. Silver ohlorido and 
chloride, just like cobalt chloride, absorb ammonia, forming oompounds which ora wc****®** 
times slightly stable, and easily dissociated, sometimes more stable, in exactly tho immvw* 
way as water combines with certain substances, forming fairly stable compounds o«4l««U 
hydroxides or hydrates, or less stable compounds which are called .oompounds with 
of crystallisation. Naturally tire difference in the properties in both oaeea depends «»** 
the propertiM of those elements which enter into the composition of the given Babet*t**«s<*» 
m& on those kinds of affinity toward# which chemists have not as yet turned 
attention. If boron fluoride, silicon fluoride, &o., combine with hydrofluorlo noIsS* ^ 
platlnio chloride, and even cadmium chloride, combine with hydrochloric acid, fct*«*** 
oompounds may be regarded as double salts, because acids oro salts of hydrogen. 3TS w®> 
evidently water and ammonia have the same saline faculty, more especially an they, lii®** 
haloid acids, contain hydrogen, and arc both capable of further combination—for inateoas**®** 
ammonia with hydrooldorto acid. Hence it is simpler to oomparo oomplex ammonta-c** 
with double salts, hydrates, and similar compounds, hut the ammonio-metallio metiS-* 
present a moat complete qualitative and quantitative resemblance to the hydrated 8** IMm 
of metals, The composition of tho latter is MXn«iH 9 0, where M » mstal, X «■* 
haloid, wimple or complex, and n and m the quantities of the haloid and so-called wiit«s‘ 
of ©rysWlii&Ufm Mpeotfvely. The ©oraporfti&a of the ammoniaool salts of motttJm §*» 
MX»mNl%, The water of crystallisation is held by the salt with more or less etability, mmA 
Wte ttdts even do not retain It at all j earn* part with water easily when exposed to the* fair* 
others when heated, and then with difficulty, In the ease of some metals all the salts «»»■ 
bine with water, whilst with ©torn only a- lew, and the water so combined may then tes 
easily disengaged. All this applies equally well to the ammonlocol salts, and therefore &3**a 
combination of ammonia may be termed the ammonia of crystallisation. Just im* Uo*# 
water which Is oombined with a salt it held by it with different degrees of foroo, so it te wihJss 
ammonia. In combining with SNHn Pt01 a evolves 81,000 oals. j while Ca01 s only evol w**#* 
IrttOOO oals.; and the former compound parts with its NH S (together with HC1 ha tls-ti** 
Com) with more difficulty, only above 900®, while the latter disengages ammonia at Ifni *, 
ZnCl a ,i!NH 3 in forming Zn01«, 4NH S evolves only 11,000 oals., and splits up again 
ita c©mi»onente at 80®. The amount of combined ammonia ia as variable ae the amoiuui 
d mm of eryetelliaation—for tartanea, 8nL8NH*,0rCl # 8NH*,0rOls«NH»,CrOl a bN«U t 
IHClflNI^ fee. am known. Very often NH* is replaceable by OHg and ooaversely. JSa. 
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mixed with barium carbonate and an oxcees of hypoohlorous acid bo 
addod, or chlorine gas bo passed through it, thon at the ordinary 

colourless, anhydrous cupric salt—for instance, cuprlo eulphato—when oorabinnd with 
water forms blue and green salts, and violet whop combined with ammonia. Ifstoam bo 
passod through anhydrous copper sulphate the suit absorbs water and booomos hoatod ; il 
ammonia bo substituted for tlio water the healing becomes much more intense, and tho 
salt breaks up into a fine violet powder. With water Cu90,i,GIIjQ is formed, and with 
aminenia CnHO.„riNII s , the number of water and ammonia moleculos retained by tho 
Balt being the same in each cane, and as a proof of this, aud that it is net an isolated 
coincidence, the reimivkalilti fad must ho horno in mind that water and ammonia con¬ 
secutively, molecule for molecule, are capable of supplanting each other, and forming tho 
compounds CuH0 4i BII,0, Cu80j,<H s O,NHj; Cu 80 4) 8H,0,9NH 3 ; CuS0 4 ,SH a 0,8NH 5 ; 
CuH0.|,lf 5 ,0,4Nir3, aud CuSO^flNHj. The last of those compounds was obtained by 
Henry Rose, and my experiments have shown that more ammonia than this cannot be 
retained, By adding to a strong solution of ouprio sulphate sufficient ammonia, to 
dissolve Urn wholu of tho nxhla precipitated, and then adding alcohol, Berzelius obtained 
Urn compound f!uK0^,II 3 0,4Nn3, <i*o. Tho law of substitution also assists in rendering 
tlmnu phoiinmemt clearer, liemntm a compound of ununonia with water funus ammonium 
hydroxide, N11,11< >, »tn«l therefore Llmuo moloenleii combining with ouu another may also 
Interchange, its being of e.povl value. In general, Uioho suits form utublo amtiioniiwul 
oompeumlw which are capable of furming stable compounds with water of erytitalliiiaLiun; 
and as ammonia is capable of combining with acids, and as some of tlm salts formed by 
slightly energetlo bases in their properties more closely resemble acids (that is, salts of 
hydrogen) than those salts containing more energetic bases, we might expect to find 
more Hlabln and morn nattily.formed ammoniounelalHo salts with metals and their 
oxuteu having wnulmr basin proportion than with those which form energetic liases. Thb* 
oxplalmi why the naU-.i of jmtunuhmi, lmviuui, dpi., do not form ammoiuo-mclalliu suits, 
whilst tlm intltii of Miller, copper, vine, Ac., oanily form them, and the salts UXj still 
more easily mid with greater itlahihly. Thin couHidoralton also acconnU for the* groat, 
stability of the ammoniacal eniupoumlu of cupric oxido compared with th>isn of silver 
oxide, tiincn the former in displaced hy tho latter. It also enables uh to ace clearly tho 
distinction which exists in the stability at the cobaUamine salts containing salts eorre- 
ponding with cobaltous oxldn, and those corresponding with higher oxides of cobalt, 
for Urn latter are weaker bases than calm)tons oxides. The nature of the /areas 
and quality aj (hephenomena mtmrring during the formation of the most elable tub* 
Wanes*, and of tuck eompoundt m cryetallUable oompounde, are one and the mme t 
although perhapt exhibited in a different degree. This, In my opinion, may be best 
©bhflrmsd by examining the compounds of -carbon, because for this element the naturo 
of tho forces acting during the formation of its compounds is well known. Let us take 
as an example two umtUhlu compounds of carbon. Acetic acid, CgH 4 0 3 (spoolilo gravity 
l'Ofl), wilii water forms tiiu hydrate, ChlLO.j.IIjO, deuser (1'07) than either of tho com¬ 
ponents, but iiinitablu and dimly iliH'niKpoiHul, gtmorally simply referred to us a 
solution, Horh nlmi m the rtynlalhiie coiupnuud of oxalic acid, Cjlf./^, with water, 
C a ll^O„UH,<), Their furmatioii might ho predicted as starting from tho hydrocarbon 
OjUoi in which, as in any other, Dm hydrogen may ho exchanged fur chlorine, tho 
water residua (hydroxyl), &o. The first nubntilution product with hydroxyl, C a IIa(HO), 
Is stable j il eon be distilled without alteration, resists a temperature higher than 100®, 
and then dobs not give off water. This is ordinary alcohol. The seoond, C^H<(HO)t, 
eon also be distilled without oh«np, but eao be decomposed into water and 0*H*0 
(ethylene nxidu nr aldehyde) *, it boils at about 197®, whilst the first hydrate boils at 78®, 
a differ., lieu (,[ ate.lit 100'* The compound will bs the third product of «uch 

eubi.titiiti.iii; it might til boil at about #00®, but does not resist this temporaturo—it dm 
©&n»l«..«ia into 11,0 ami C^lLOg, where only one hydroxyl group romaius, and the other 
atom of oxygen in left in tlm same condition as in ethylene oxido, C3II4O. There is a proof 
Of this, aiywl, C,IL,IUQ)„ boils at 197°, and form# water and ethylene oxide, which 
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■temperature on shaking, the whole of the cobalt will be aepara**^ 
in the form of black cobaltio oxide : 2CoS0 4 + C1HO 4- 2BaO c ** 

bnilii tit Iff (aldehyde, Ur isomorido, bolls fit 81°); therefore the product disengaged *** 
t!u< splitting up of the hydrate bolls at 184° lower than Lho hydrate C s H 4 (HO) Q . 
tin' hydrate Cj|H 3 (IIO) a , which ought to boil at about 800°, splits up in exactly tlio 
way into water and the product OsHjOj, which boils at H7°~that is, nearly 188° 
than the hydrate, OsHj(HO)j. But this hydrate splits up before distillation, 'ft 5 *** 
above-mentioned hydrate of aeetio acid ,1s suoh a deoomposablo hydrato—that f «* *** 
say, what is called a solution. Still lose stability may bo expected from the follow 
hydrates. tyi-dHO), also splits up Into water and a hydrate (it contains two liyilr«»* 
gnrnpN) ('ailed glycollin add, Cjll^t>(IIt))j .iCjH 4 O s . The next product of eubstitut***^* 
will lm tyUlUi)* j it aplitn up into water, H a O, and glyoxylio acid, C 9 H.,0 4 (tit****** 
hydrt.xyl gronpa). Tim hud hydrate which ought to ho obtained from C 9 H 0 , and 
to r.utiaiii <*j(lK>),i, in tlm cryntalliini ctintpouinl of oxalic acid, CjII 9 0 4 (two hyUr***^* 
groups), mid water, l!ll 4 0, which has bueu already mentioned. Tho liydrato 
•»C J H iJ 0 4 ,y , [l. i U, ought, according to tho foregoing reasoning, to boil at about <4*>4*'* 
(because the hydrate, G a ll 4 (KO) 9 , boils at about 800°, and the substitution of 4 liytlr***^* 
fiwup* for 4 atom# of hydrogen will raise the boiling-point 400°). It does not resist 
temperature, but at a much lower point splits up into water, 9H a O, and tho hycir<**^* 
C 9 0 ? (HO)f, which Is also capable of yisldlng water. Without going into further •&**** 
eu«»i(»n of tills subject, it may be observed that the formation of tho hydrates, or c* ■»#*•* 
pound# with water of crystallisation, of aeetio and oxalio aoids has thus receive*! *»•* 
seem a In explanation, illustrating the point we desired to prove in affirming that <•*»»>#* ’ 
puundu with water of erystalliaation arc held together by the same forces as those wS»*» 
act in the formation of other complex substances, and that the easy diBplaopal>il»*y 
of the water ef crystallisation is only a peculiarity ©f a looal character, ami ***** 
ft rad leal point of distinction. All the abovo-mentioned hydrates, 0 9 X e , or | *w*»" 
duett of their destruction, are actnelly obtained by the oxidation of the first hy«ls.%* 
C t H#CHOJ, or common aloohol, by nltrio add (Soltoloff and others). Hence the (»t ? w » 
which Induce salts to eombloe with nH 9 0 or with NI-Ij are undoubtedly of tlio mv*-** m 
•order as the forces which govern the formation of ordinary 1 atomic’ and Btilino r 
pounds, (A great Impediment in the study of the former was caused by tlio oouvi* f *«< * 
which reigned in the sixties and severities, that 'atomic' wore essentially diff* *<• 
from ' nioleruinr ’ eompuumbi like erystaUnliydrates, in which it was assumed ftt*** 
there wan a combluation of entire inolocules, as though without tho participation til ftt*-** 
fttomir fm-cruj If Urn bond Ixitwnen chlorine and different metals in not equally *T» 

to also the bond uniting ©11,0 and nNfIl\ is exceeding variable; thore Is nothing % # * & 
Surprising in Uil#. And in the fact that tlio rundiiuuluiu of different amounts of IN 14 * 
ftnd 11,0 alters tho capacity of thu haloid# X of tlm suite RX, for roaatlon (for iiiati****-**»* 
In tho lute©*aaU« all tlie Xj, white In thu pnrpuroo, only 3 out of tho 8, and la the pra. **»"*• 
ftalte only I of Mm 8 X's reads), we should see In the first place a phenomenon 
I© what we met with in GrjChj (Chapter XXL, Note 7 bis), for t» both instances the 
ot the dlfiteMtoee U*s la the removal of watet; a molecule RGl^GHaP or RClj,fK %«* 
ooBteka ft# halogen In a perfectly mobile (ionised) state, while In tho mid**-***- 
RClj^llfO or RGlft^NHg ft portion of the halogen has almost lost its faculty for roar t »*.>< 
■with AgNO a , just as metetepsloal chlorine has lost this faculty which is fully dovuIopriJ 
ih© chloriwihydride. Until the reason of this difforenoo bo clear, wo cannot export 
ordinary points of view and generalisation can give a dear answer. However, w«> 
ftwmrne that her© tlui explanation lias In tho nature and kind of motion of Uie-atomw m 
woteeutea, although a# ynt it is not clear how. Nevertheless, I thiuk it well to * -*,.51 
atte ntion again (Chapter I.) to tho foot that the combination of tyater, and lxenca, ssl-w**-** 
«f>i*y tihftr element, leadu to most diverse consequences; the water in tho gelall#**,*,*#.* 
hf«l»l#»*f iduttdna dr in the deeahydmted Glauber salt is very mobile, and easily rt*»wr, %m 
1p» water in ahw* date; but .the name water combined with oxide of calcium, or C # S *„ 
(for fasUnee, tn O»B@0 and In 0 4 H w Q),otwitit P a Q„,haa become quite different, oust mm 
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BsCo a 0 3 + 2BaS0 4 +HC1+2CO a . Under those circumstances nickolous- 
oxido doos not immediately form blaok sesquioxide, but after a consider¬ 
able spaco of tirao it also separates in the form of soaquidxide, Ni a Og, 
but always later than cobalt. This is duo to the rolativo difficulty of 
further oxidation of tho nickoloua oxido. It is, however, possible to 
oxidiso it; if, for instanco, tho hydroxide NiH u O y Iks shaken in wator 
and chlorino gas ho passed through it, then nickel chloride will ho. 
formed, which is soluble in Water, and insolublo niekolic oxide in tho 
form of a black precipitate: SNilijOj + Cl 9 *sNiCl a + Ni a 0 3 ,3H s 0. 
Nickclio oxido may also bo obtained by adding sodium hypochlorite 
mixed with alkali to a solution of a nickel rf&lb. Niokelio and oobaltio 
hydrates are black. Nickclio oxido evolves oxygon with all acids, and 
in consequence of this it is not separated as a precipitate in tho presence 
of acids ; thus it evolves chlorino with hydrochloric acid, exactly like 
manganese dioxide. When nickclio oxido is dissolved in aqueous 
ammonia it liberates nitrogen, ami an annmmmeal solution of niekelouu 
oxido is formed. When heated, nickelio oxido loses oxygen, forming 

longer acts Mice water in a free abate. We gee the tame phenomenon In many ether 
CftSfli—for example, the chlorine In chlorate# no longer gives a precipitate of ©hloride of 
silver with AgNOjj. Time, although the •irwtane® which la found in the difference 
between tin* rostm- nnd purpurco.sults doaervos to Ire fully studied on account of its sim¬ 
plicity, utill it In far fr.mi being cxioptioiml, and urn nuiiinl expect It to 1# thoroughly 
oxplrvinod un)i<*M a muss of similar iinttancoH, which aro exci'cdbigly common itmutig 
ohotuical *‘ionjiiui jhIm, la* conjointly explained. (Among tho reMwarohea whirl, add to 
our knowledge run] w ling Uio complex armuiiulacul emttimiinds, I think it iitdtm*>rimlil» 
to call the reader'# attention to Prof. KouniakofTn dissertation 'On complex metallic 
bases,' IHUtl.) 

K'-nrimkoif (InM) allowed that th« solubility of the lutemeelt, OoOt^flNHj, at 0® 
**4 Bo (per 100 of water), at 80****?■?, that in pawing into the roeeo-MlbOoCljiHtOSNBa, 
the solubility rise* considerably, and at and at 80 ®» about if, while! the 

pannage into the pttrpwwj.tn.lt, (SoClj/iNH., I* Meompatited by a gmt fall In the 
eolubility, namely, at and at SO^wafeont 0‘S, And m «*y*te&hhycb»te» ftdth a. 

smaller amount of water are usually mere eelubl® than the higher ©tyxteUoliydrAlM (X»e 
CliAtelior),'whilst here we find that the notability telle (In tho purpareo-ealt) with a lorn 
of wator, that water which Is contained in the roeeo-ealt cannot be compared with the 
water of oryutalliHtition. Konrimkoff, therefore, oonneate the fall in eolohility (in the 
passage of tho rottf... mto tho purpurtm-sall*) with the oooonipnnying loss in tho nsoctira 
eapueity of tin* i-ldoriuo. 

In i oiioluBtoti, it may bo observed tlmt tho elements nf the eighth group—that la, the 
analogue# of iron and platinum- •art ordtug tn my opinion, will yitdd most fruitful results 
when studied as ter combination# with wholo molecules, a# already elmwn' by the example* 
of complex amm on local, cyanogen, nitrtn, and «th*» compounds, whioh are easily formed 
In this eighth group, ood m mmurksWe for their stability. Thi# faculty of the elemoete 
of the eighth pmtp for farming the oocaplex eemponods nUtsnted to, it in aB probability 
eotinerted with the portion whleh the eighth group oeenplee with regard to the ©there. 
Following Urn seventh, whfeh fomii the type BX* it might be exported to contain the 
most (otuplox type, UX*. This is met with in GsO*. The other elements of the eighth 
group, however, only form the lower type* RX* RXj, RXj .... and these accordingly 
should Ih< oxjwct.nl to aggregate themselves Into the higher types, whioh is accom¬ 
pli died in thn formation of the rIkivo. mentioned complex compounds. 


•mass romaina which retains traces of nifcrio acid, but when, hewv 


oobaltio and oob&ltous oxides, similar to magnetic ironstone. Cobalt 
(but not nickel) undoubtedly forms besides Oo g 0 8 a dioxide, OoOf. 
This is obtained M when the oobaltous. oxide is oxidised by iodino ©>•* 
peroxide of barium, w 

w w * Marshall (1881) obtalaod eobalfcio sulphate, 0&j(80*) 3 ,18n a 0, by the action of *u» 


88 The action of an alkaline hypochlorite or hypobromlto upon a boiling aoluticm <t*t 
oobaltous ealts, according to Sohroodorer (1880), produces oxides, wlioso compoHiSfo#* 
varies between GojO* (Rose's oompound) and CogOg, and also Imtwoen Co a O« so***! 
Cto»O w If caustic potash and then, bromine be added to the liquid, only Co a O» I* 
formed. The action of alkaline hypoohlorftes or hypo*bromiten, or of Iodine, *»**«•*» 
eobaltio salts, give# a hlghly*ooloured preoipitate which has a different colour tlw* 
hydrate of the oxide G%(OH)e, According to Carnot the precipitate produced by tH*» 
hypochlorites has ft composition CohA* whilst that given by iodine in tlw present'** «f 
on alkali oontftine ft larger amount of oxygen, Fortmann (1881) reinvesttigaUnl Ik*** 
composition of the higher oxygen oxide obtained by iodine in the presence of alkali, ***-*4 
found that the greenish precipitate (which disengages oxygen when heated to if** 
corresponds to the formula Co0 9 . The reootion must bo expressed by the oque-tlofi ; 
OoX a +la+4KUO « CoO, -hSlKX+SKI+9H,0. 

37 Prior to Fortmann, Rousseau (1880) endeavoured to solve the queetion txm to 
whether OoOj wae able to combine with baaos. Ho suooeedod in obtaining a tear *«»»$* 
compound corresponding to this oxide. Fifteen grtaa of BaCh, or BaBr» are trite rsatodi 
with M gmma of oxide of barium, and the mixture heated to redness in a 
pktittum eruofble j 1 para of oxide of oohait is then gradually added to the fused m«* * 
laeh addition of mitt is accompanied by a vMent dfsenp^amt of oxygen, Ait,^ r m 
fflwrt ttma, however, the maw fuss* quietly, and a salt eettlea 0 the bottom of 
omoibw, Which, when freed flam tiioyeatdue, appears m bkek hexagonal, very tartll !»»■** 
crystals. In dissolving In water this substance evolves chlorine; its composition e*»r*r»- 
eponds to the formula fi(0e0e)B«0. If the original m»m he floated for a long 1 1 m** 
(40 hours), the amount of dioxide in the resultant mass doorcases. Tho author *»%». 
talnod a neutral salt having the composition CoO s BaO (Uds compound 
by breaking up the moss as it agglomerates together, and bringing the piece* 

Contact with the more heated surface of tho crucible, This Halt is formed between *%■» 
itemewhftt narrow limits of temperature 1,000°—1,100°; above and Imlaw these limifc* 
co mpy ndfl richer or poorer in Co0 9 are formed. The formation of CoO* by the aoifo» 
of BaO%, and tho way decomposition, of QoO® with the evolution of oxygen, give r«MUft«MB. 

itbelongs fq the claw of peroxide# (Hire OrAi Oa0 9l &e.) i it is nofe 
known- whether they gjtar peroxide of hydrogen Uko tho true peroxidos, Tho foot fc%MWh 
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Nickel alloys possess qualities which render them valuable for 
technical purposes, tho alloy of nickel with iron being particularly 
remarkable. This alloy is mot \vith in nature as meteorio iron. The^ 
Fullnsoffsky mass of meteoric iron, preserved in the St. Petersburg 
Academy, fell in Silmriu in tho last century ; it weighs about 15 owt. 
and contains 88 p.c. of iron and about 10 p.c. of niclcol, with a 
small admixture of other metals. In the arts German silver is most 
extensively muni; it is an alloy containing nickel, copper, and ssino in 
various pro{w>rtiou8. It generally consists of about 50 parts of copper, 
2ft parts of riuo, and 25 parts of niokel. This alloy is characterised by 
its white colour resembling that of silver, and, like this latter metal, it 
does not rust, and therefore furnishes an excellent substitute for silver 
in the majority of coses where it is used. Alloys which contain silver 
in addition to nickel show tho properties of silver to a still greater 
extent. AlloyK uf nickel are used for currency, and if rich deposits of 
nickel an' di.seuveml a wide field of application lies before it, not only 
in a pure state (because it. is a Imautiful metal and does not rust) but 
also for use in alloys. Steel vessels (pressed or forged out of sheet 
steel) covered with nickel have such practical merits that their manu¬ 
facture, which him not long commenced, will most probably be rapidly 
dovelojitHl, whilfit nickel sited, which exceeds ordinary ateui in its 
tenacity, him ulready proved its excellent qualities for many purpose® 
(for instance, for armour plate). 

Until iHUu no comjKmml of cal ml t or nickel was known of sufficient 
volatility to determine tho molecular weights of the compounds of these 
metals ; hut in 1890 Mr. L. Mond, In conducting (together with Longer 
and Quincke) his researches on the action of niokel upon carbonic oxide 
(Chapter IX., Note 24 bis), observed that niokel gradually volatilises in 
a strewn of carbonic oxide } this only takes place at low temperatures, 
and in wmn by tho coloration of the flam® of the carbonic oxide. This 
observation 1«k1 to the discovery of a remarkable volatile compound of 
nickel and carbonic. <mtb % having os molecular composition Ni(00) 4 , M 

H in i■!itmfii .1 l.j* (n.-iui.i n{ lixliiic (probatily through IIIO), cutd I to great roacnibhuiM 
t*> Mu' i,. ten!., nUlu r t«. th» mijijKiaiUi.n Unit Id ft very fwsble inline o»d«. Tbs 
form f.>u, la r.'ii.'tami m ten «. .Union cuiupnumU {Note U6), oml tho existence of CoOg 

ahuuld have long ago lxx>n r*>r»igniw’it u(hui thiii Lunin. 

m This cum pound i* known m nickel tetrio carbonyl. It appears temcyut premature 
to judge at Um Mnwtani of **»eh ea extrwnllnary compound m NffOO)^ It has long 
lawn known that petewiant ©wsWiwi with 00 forming £*(00)* (Chapter 3X, Note 81), 
but thin Milmtaw... f« appureatty unites and nea-vdatfl®, and ho# u Httte fa common 
With Ni(C< I), OH baa with BbH«. However, Berthelot observed that whan NlC<0, 
fa ki’pl m air, It oxuHiwns and ghm a ootowrleee compound, NlgOAdOHsO, having 
upparetitly wilitie i««nwrU#». W# may add that Schuteenberger, on reducing NiCl a by 
buMJag It In a current of hydrogen, obaemd that aafikel compound partially volatilises 
with tea UCI and give® nwtellio nkWl wlven heated agate. The platinum compound, 

*F, 
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tvs determined by tbe vapour density and depression of the freezing 
point. Cobalt and many othor metals do not form volatile compounds 
under those conditions, but iron gives a similar product (Note 26 bis). 
3STi(00) 4 is prepared by taking finely divided Ni (obtained by reduoing 
NiO by heating it in a stream of hydrogen, or by igniting tbe oxalate 
NiCgO,,) 89 and passing (at a temperature below 50°, for even at 60° 
decomposition may take place and an explosion) a stream of CO over 
it j the latter carries over the vapour of the compound, which condenses 
(in a woll-coolod roooivor) into a perfectly colourless extremely mobile 
liquid, boiling without decomposition at 43” and crystallising in noedlob 
at ~2fi° (Monel and Nasini, 1891). Liquid Ni(CO) 4 has a sp. gr, 1-356 
at 0 n , is insolublo in water, dissolves in alcohol and benzene, and burns 
with a very smoky flame duo to the liberation of Ni. The vapour when 



the dedoraposifcion is accompanied by an explosion. If Ni(CO) 4 as 
vapour bo passed through a solution of CuCl s , it reduces the latter to 


PtCl a (GO)x (Chapter XXIII., Note 11), offers the greatest analogy to Ni(CO) 4 , This 
compound’ was obtained aa a volatile aubatanoe by SehuUwmbergpr by moderately 
boating (to 98B°) metallic platinum In a mixture of chlorine and carbonic oxide. II we 
designate GO by Y, and an atom of chlorine by X, then taking into account that, 
according to the periodic system, Ni Is an analogue of X*t, a curtain degree of corns. 


<tnrai! 


compare the reactions of the two compounds. 

19 According to Its eroplrloal formula oxalate of nickel also contains nlckol and 
cqrbonio oxide. 

40 The following or® the thermo>oheniloal data (according to Thomsen, and referred 
to gram weights expressed by the formula, in large mkntrn or thousand units of heat) 
for tbs formation of eomqponding compounds of Mn, Fe, Oo, Ml, and On (+Aq idpddus 

that the reaction proceeds in an excess of water): 



R»Mn 

Pe 

Oo 

Ni 

Cu 

R + Clj + Aq 

198 

100 

9B 

1)1 

08 

R + Br„+Aq 

100 

76 

78 

78 

41 

R + I, + Aq 

70 

46 

48 

41 

83 

R + O + HjO 

05 

68 

68 

61 

80 

R 4- O u + SQ fl + nII B 0 

10B 

160 

168 

168 

180 

RClj + Aq 

4*16 

18 

18 

10 

11 


Thews examples show that for analogous reactions the amount of beat evolved in 
passing from Mu to B*e, Oo, Nt, and On varies In regular sequences a» the atomic weight 
raomses, A similar difference is to be found in other groups and Mrim, and proves 
that Ihermotohomtcal phenomena arc Aabjsot to the periodic law 










Os, iridium, Xr, and platinum, Ft, aro mot with associated togothor in 
nature. Platinum always predominates over the others, and honoG 
they are known oa tho platinum metals. By their chomioal character 
their position in the i>uriodio system is in tho eighth group, corrospoud- 
ing with iron, cobalt, and nickel. 

Tho natural transition from titanium and vanadium, to ooppor and 
sine by moans of tbo elements of the iron group is demonstrated by all 
tho proportion of those elements, and in exactly the same manner a 
tnui.sitimi from zirconium, niobium, ami molybdenum to silver, cadmium, 
and indium, through ruthenium, rhodium, and palladium, is in porfret 
accordance with fact and with tlm magnitude of the atomic weights, as 
also is the jnt«it.ion of otunium, iridium, and platinum between tantalum 
and tungsten on the one aides and gold and mercury on the other. In 




molybdenum, and tungsten) am able, in their higher grades of 
oxidation, to give add oxides having tho properties of distinct but 
feebly energetic adds (in tho lower oxides they give bases), whilst the 
elements of greater atomic weight (zino, cadmium, mercury), even in 
their higher grades of oxidation, only give Imam, although with feebly 
developed Ihu'uo pro];>ortioH. Tim platinum metals present tho sun to 
intermediate pn tjM^rties such ita wu have already aeon in iron and tlvo 
elements of tho eighth group. 

In the platinum metals tlm intennediato properties qf feebly aoid 
and feebly bmio metals aro developed with groat clearness, no that 
there (s not mm almrply-defined acid anhydride among their oxide*, 
although there is a groat diversity in the grades of oxidation .from the 
type UO* to ll 8 0. The feebleness of the chemical forces observed in 
tho platinum metals is connected with the ready dooomposabUity of 



Iridium, and osmium can aeareely bn termed either Imaia or acid ; 
ftrfl capable of combinations of hath kinds, iwh of which |» fwblo. 
They are all intertmdiate oxide*. 

r n*t* afAimic weights of platinum, iridium, and <«tmium arc nea.rfy 
J1H to 19b, and of palladium, rhodium, and ruthenium, V*i to 10ft. 
Thus, strictly speaking, wn have hen* two «irw of motaki, which 
am, moreover, perfectly parallel to each other j three rueintwrx in 
th»* first series, ami three memlters in the mh'uiu 1 namely, platinum 
prc'onte nn analogy t<< palladium, indium te rhmtittm, and osmium 
to ruthenium. An n matter «»f hot, however, tlm whole group of the 
platinum me tabs n ehuru* trrixrd W *i niiwbr <>J common prei-wtiri, 
Uith physical and chemical, and, moreover, there an* several points of 
rMutuhlanen lug ween the tninsiberis of thia group and thrum c»f the trim 
group (Chapter XXII.) The a tom in vatu nun (Table HI., column »*> 
of thft ftlftmonts of this group am martyr*?unt and t*ry mutU. The iron 
motels hav« Atomic vot tutus* of nearly ?, whilst that of fti« tuetaf* allied 
to palladium hi nearly I 1 , and of tle«e mijacens t-» platinum { IT, fr, t hi,) 
nearly *JT. Tina comparatively email atomic offline eoiTteijamd* with 
th« great iuftnnbshly and tenacity proper to all the tr*»r» and platinum 
motel a, and to itiefr small chemical energy, which ate mb mil wry 
dbtrlf lit tb* heavy pktlimin tortels, All ihu platinum metal# am 
vnry m&My rmtumd by ignition and by the action »#f van mi» mlm ing 
agents, In which pr«vi»» oxygen, or % hahth! group, in *bw!g*g»«l from 
tbw oompounds mw! tb« metal Wt Tht» h a pruj city »4 she 

platinum metals wlueh deter mlmti ttmny of their rwetlcnri, and the 
ciroomatan*'*. of their always Mug found in nature in »i noise * 

In Hua-iia in the Hr.ds (diwnverwd in 1H19) am! In I Irani 1 (I7.1S) 
plat ilium i» obtained fr«*ni alluvia) de{-*mite, tint in |tt{t ;2 IVnfm&or 
Ifi«at raist.4*’ff diacovtirv'd a veiuilejmn.il of platinum in sorjtcnf tm near 
Tagil In tlm Uralsd The jf.u tlity with which they »i« #»dim*d ii •<, 
great that their ufilorisfca are men dHrmupa***) hf y&mum h>dr< 4 ‘m t 
mfytfii&lf win® shah*® up and Imatod ttwl* r a Hen.** 

It will bo modify that *wh tarda!* as jsli#\ lr«i 4 4<y, 

th«i* fftnti sdtofcfotw with gr««t mok\ which fa*4 it taJum adv/intero ui 
In praetica and In tbo atiewirmS trmtmmt of tho platinum UH-tab s «* 


* WpIU ell P»nll«std(J.t»4fnhaSre 4««.n(w>l s* utiinstal E|.«/S» jlji4.ii I a!? >• « -,*s*4lan 

giJ4.l«»fei| I|«WU <Mnl e.-»»j = !ii ^ >4 } !alis.«i i 4iajw».., J«, pi \» l Jl ,s , I r | M | 

tiuMi thU eioartj 1 on.fii’ #ti» 6l‘«S | '*|r «!>f | Inf SMi* SM I 

tMMMMSd•wrtipaiula (a eff*Wllt*»n f»o»* i»«s»iJ«4r **|aW4|c,-«»| *i»4 c«oispMataat 

MS Mj&k I* th« farttilf wilh mbwk ih* frlAliiiWi 

> % into, #Mt wg ttmt in «n *«#**#*! m*Uf i » a^) a* 


tta 
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All the platinum metals, like those of the iron group, are grey, with 
a comparatively feeble metallic lustre, and are very infusible. In this 
respect they stand in the samo order as the metals of the iron series ; 
nickel is more fusible and whiter than cobalt and iron, so also palla¬ 
dium is whiter and more fusiblo than rhodium and ruthenium, and 
platinum is comparatively more fusible and whiter than iridium or 
osmium. The salino compounds of those metals are rod or yollow, liko 
those of the majority of tho metals of tho iron scries, and liko the 
latter, tho different forms of oxidation present different colours. Moro- 
0 ,vor, certain complex compounds of tho platinum metals, liko certain 

complex compounds of the iron series, either have particular character¬ 

istic tints or else are colourless. 

The platinum metals are found in nature associated together m 
alluvial deposits in a few localities, from which they arc washed, 
owing to their very considerable density, which enables a stream of 
water to wash away tho sand and clay with which they are mixed. 
Platinum deposits are chiefly known in the Urals, and also in Brazil 
and a few other localities. The platinum ore washed from these 
alluvial deposits presents tho appearance of more or less ooarse grains, 
and sometimes, as it were, of semi-fused nuggets.* 

All tho platinum mobile give compounds with tho halogons, and the 
highest haloid typo of combination for all is ItX 4 . For tho majority 
of tho platinum metals this typo is exceedingly unstable; tho lower 
compounds corresponding to tho typo liX 8 , which are formed by the 
separation of X„, aro more stable. In tho typo KX S tho platinum 
molnla form marts stable salts, which offer no little resemblance to 

from platinum, of such a double unit u FtOlftSKO, to aooompanled by a (lomptmUivoly 
stnoil evolution of beat (tea Chapter XXL, Note 40), for imrtano*, Ft + d#+S2T01+ Aq 
only evolves about 88,000 oalorles (henoe the reaction, J?t+01*+Aq,- will evidently 
disengage trttll less, because Ft01»+9K0l evolves a certain amount of heat), whilst on 
tho other band, Fe + Gl#+ Aq gives 100,000 calories, and evan the motion with copper 
(tor tho formation of tho double salt) evolve# 88,000 calorie#. 

* Tho lurgi'nl amount of platinum in extracted In tho UrqlH, about five tonu annually. 
A certuin amount of Kohl its extracted from the wanhed platinum by tuaiuin of mercury, 
which dooti not <lineolve tho platinum metals* hut dimmlven tho gold uooimqiuuyitig tho 
platinum hi itn oror.. Moreover, tho orefl of platinum nlwaya contain metalH of the Iron 
aeries enunciated with them. Tho washed and mechanically sorted oru in the majority 
of ewwt oantaina about 70 to B0 p.c. of platinum, about 5 to S p.c. of iridium, and a some- 
what smaller quantity of oimiium. Tho other platinum metal»—palladium, rhodium, and 
in mnallw proportione than the three above named, Sometimes n&tne 
of almoitt pure owainm-Mdlum, containing only a email quantity of ether mutato, arc 
found in platinum arm. This omwkmdriibm maybe easily separated from tho other 
l>hitinum metals, owing to Its being nearly insoluble In aqua regia, by which the latter 
aro cosily dissolved. There are grains of plattnam which arc magnetic. Tho grains of 
osmium-iridium arc very hard and malleable, end are therefore used for eortain pur* 
poses, for Inetonoe, for the Upe of gold pens. 
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the kindred compounds of tho iron scries--for example, to nlckdkros 
ohlorido, NiClj, cubaltoUM chloride, Co('l„ &c, Thin even expresses 
Itself iu a similarity of volume (platinoua chloride, I*t(’l 3 , volume, 40 ; 
nickoloua chloride, NiC'lj *s fK)), although in the type HX, the true iron 
motels give vory stable compounds, whilst th« platinum metals fre¬ 
quently react after the manner of «ui»sk!«», d«t*ut|H»su»g into tins 
motel and higher types, 2RX a m R ■+» KX*. Thin pmhahjy dcjtonds on 
the facility with which RX f decomposes into it and X,, when X, 
oomUinea with the remaining portion of HXj 

A» in the w*rita inm, co!*a!t, nickel, nickel giv r* Nt* * anti St / 
whilst culm It end iron give higher nnd varied form?* of ovidaliim, no 
also mm mg the platinum motels, platinum uml palladium only give Uni 
foruns IIX, and HX,, whilst rhodium »ml indium i«»rtu another and 
intermediate tyj«\ HX Sl also met with in cobalt, eorm«|w>mlmg with 
the oxide, having th» eomposiiiou 11*0,, tn^utea which they form 
an «k©id oxide, Ukn ferric acid, which is aim known in tb» form of 
Salta, hut Is in every r«tj»t<?t unstable, thmmm ami rtiihsminm t tike 
tnangaurce, form still higher and in tin# exhibit the 

greatest diversity. limy not only gt%*« IiX # , tiX*, and UK,, 

hut also n still hiyh*r J^rm e/h-rfnfotew, |Uwhirb la not «s<»! »*tli in 
any other aerie*, This form li exceed itigly characteristic, owing to tlm 
fuel tint t1i»f«ld«% frsO* awl HuO*, am volatile and have feebly *.•»<! 
prdfwrttat, In this they im*il mmmkfa imirrnmgmk anhydride, 

which l« also wtttfiwhat vnktiR 1 

When dtoolvti in aqua regU (1*11*1, i* formed j and Mauratmt fmm 
the solution by ml ammoniac {(NH,), in fortm-d) an i n->tu.. • 4 by 

ignition (which may 1»* d*m« by 7,n and »«th«-r r»*du> mg .n;< nt \ direct 

fn m» n rsolutsou of lift,} platinum * * ! * f*»r«n a powdery maw, known 

' In * tuafsw J«f satis,} fl»« S >< I,!) *» • I • »b^,r »•.*«*. ..<ss t>. iUo <»,'« #«»»(«!•, 

ft i* vary i»nl t»* »4J i«" w» -r» *««> mm a, a »t",» j> ■ .s.is in® j4Mala 

CSpSbin «4 fuming • *<ft «f «n*S<*t4« »<U, , ??»« j ,,!■*».»!• *! ».i».t ».«4|> 

p*rt with it wtwtt snawwlMt #lr<»ns} 3 f J»#*$**t 'lies t*» nil) <« •*!?««■♦ attf in 

«f»4 ptMhtai, ml ii I* «##f tlmt **«>#!, .«#<»«)» -«-t# 

viA $g M mm **4 I# th« »iiiisl Hi# m*k« fawstii f**r 

fc m ml tUnstt'* mp^nimmUi 

4w*tli®f ehii»#t«rifll» «f liw iitniinsMii in Uwi# m*il? fittes 

c«l«»H »hif>h falflM tti# «tt»| ml u>> ft 
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as spongy platinum or platinum black. If tins powder of platinum be 
heated and pressed, or hammered in a cylinder, the grains aggregate or 
forge together, and form a continuous, though of course not entirely 
homogeneous, mass. Platinum was formerly, and is even now, worked 
up in this manner* The platinum money formerly used in Russia was 
made in this way. Sainte-Claire Deville, in the fifties, for the first 
time melted platinum in considerable quantities by employing a special 
furnace made in the form of a small reverberatory furnace, and com¬ 
posed of two pieces of lime, on which the heat of the oxyhydrogen flame 
has no action. Into this furnace (shown in fig. 34, Vol. I. p. 175)—or, 
more strictly speaking, into the cavity made in the pieces of lime—the 
platinum is introduced, and two orifices are made in the lime; through 
one, the upper, or side orifice, is introduced an oxyhydrogen gas burner, 
in which either detonating gas or a mixture of oxygen and coal-gas is 
burnt, whilst the other orifice serves for the escape of the products of 
combustion and certain impurities which are more volatile than the 
platinum, and especially the oxidised compounds of osmium, ruthenium, 
and palladium, which are comparatively easily volatilised by heat. In 
this manner the platinum is converted into a continuous metallic form 
by means of fusion, and this method is now used for melting consider¬ 
able masses of platinum 4 and its alloys with iridium. 

about the samo time Tennant distinguished iridium and osmium in it. Professor Claus, 
of Kazan, in his researches on the platinum metals (about 1840) discovered ruthenium 
in them, and to him are dye many important discoveries with regard to these elements, 
such as the indication of the remarkable analogy between the series Pd—Kh—Ru and 
Pt—Ir—Oa, 

The treatment of platinum ore is chiefly carried on for the extraction of the platinum 
itself and its alloys with iridium, because these metals offer a greater resistance to the 
action of chemical reagents and high temperatures than any of the other malleable and 
ductile metals, and therefore the wire so often used in the laboratory and for technical 
purposes is made from them, as also are various vessels used for chemical purposes in 
the laboratory and in works. Thus sulphurio acid is distilled in platinum retorts, and 
many substances are fused, ignited, and evaporated in the laboratory in platinum 
crucibles and on platinum foil. Gold and many other substances are dissolved in dishes 
made of iridium-platinum, because the alloys of platinum and iridium are but slightly 
attacked when subjected to the action of aqua regia. 

The comparatively high density (about 21'5), hardness, ductility, and infusibility (it 
does not melt at a furnace heat, but only in the oxyhydrogen flame or electrio furnace), 
as well as tlio fact of its resisting the action of water, air, and other reagents, renders an 
alloy of 00 parts of platinum and 10 parts of iridium (Deville’s platinum-iridium alloy) a 
moat valuable material for making standard weights and measures, such as the metro; 
kilogram, and pound, and therefore all the newest standards of most countries are made 
of this alloy. 

•* This process has altered, the technical treatment of platinum to a considerable 
extent. It has in particular facilitated the mauufaoture of alloys of platinum' with 
Iridium and rhodium from the pure platinum ores, since it is sufficient to fuso the 
ore in order for the greater amount of the osmium to bum off, and for the mass to fuse 
Into a homogeneous, malleable alloy, which con be directly made use of. There is very 
little ruthenium in the ores of platinuib. If during fusion lead be added, it dissolvea 
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To obtain pure platinum, the ore is treated with aqua regia in which 
only the osmium and iridium are insoluble. The solution contains the 
platinum metals in the form RC1 4 , and in the lower forms of chlorina¬ 
tion, RC1 3 and 11C1 2 , because some of these metals—for instance, 
palladium and rhodium—form such unstable chlorides of tlio typo RX 4 
that they partially decompose even when diluted with wator, and pass 
into the stable lowor type of combination j in addition to which the 
chlorine is vory easily disengaged if it comes in contact with substances 
on which it can act. In this rospoct platinum resists tho action of 
heat and reducing agents bettor than any of its companions—that is, 
it passes with greater difficulty from PtCl 4 to tho lowor compound 
PtCl 2 . On this is based tho njothod of preparation of more or loss 
puro platinum. Lime or sodium hydroxide is addod to tho solution in¬ 
aqua regia until neutralised, or only containing a very slight oxcess of 
alkali. It is best to first ovaporato and slightly ignite tho solution, in 
order to remove tho exoess of acid, and by heating it to partially con¬ 
vert the higher chlorides of tho palladium, &c„, into tho lower. The 
addition of alkalis completes tho reduction, because tho chlorine held 
in tho compounds IiX 4 acts on tho alkali like freo cldorino, converting 
it into a hypochlorite. Thus palladium chloride, PdCl 4 , for example, 
is converted into palladious chloride, PdCl s , by this means, according 
to tho equation PdCl 4 + 2NaH0=Pd01 a +NaCl+NaCIO + H a O. In 
a similar manner iridio chloride, IrCl 4 , is oonverted into tho trichlorido, 
IrCl 3 , by this method. Whon. this conversion takes place tho platinum 
still romains in tho form of platinio chlorido, PtCl 4 , It is then possiblo 
to tako advantage of a certain difference in tho properties of the higher 
and lowor chlorides of tho platinum metals. Thus lime precipitates tho 
lower chlorides of the members of tho platinum metals occurring in 
solution without acting on tho platinic chloride, PtCl 4 , and lienee tho 
addition of a largo proi>ortion of lime immediately precipitates the 
associated metals, loaving tho platinum itsolf in solution in the form 
of a soluble double salt, Pt01 4 ,CaCl a . A far bettor and more perfect 

the platinum (and other platinum metals) owing to its being able to form a very oluurao- 
teristio alloy containing PtPb. II an alloy of the two metals be left exposed to moist 
air, the excess of lead Is oonverted Into oarbonate (white lead) la the presence of the 
water and carbonio acid of the air, whilst the above platinum alloy remains unchanged. 
Tho white load may Ikj extracted by dilute acid, and tho alloy PtPb remains unaltered. 
Tlio other platinum metals also givo similar alleys with load, The fusibility of those 
alloys enables lliu platinum motala to bo separated from tho gonguo of tlio oro, and they 
may afterwards bo separated from Uio-load by subjecting tlie alloy to oxidation in 
furnaces furnished with a bone ash bod, booauso the load le thon oxidised and absorbed 
by the bone ash, leaving tho platinum metals untouched. This method of treatment 
was proposed by H. Solnte-Claire Deville in tho sixties, and Is also used iu tlio analysis oil 
these metals (see further on). 
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reparation in effected by mmm qf ammonium chloride , whioh gives, with 
platinio chloride, an insoluble yellow precipitate, Pt01 4 ,2NH 4 01, whilst 
it forms soluble double salts with the lower chlorides RC1 9 and E01 8 , 
so that ammonium chloride precipitates the platinum only from the 
solution obtained by the preceding method. Those methods are 
employed for preparing the platinum which is usod for the manufacture 
of platinum articles, because, having platinum in solution as calcium 


Pt(Nn 4 ) 8 Cl fl , the platinum compound in every ooso, after drying or 
ignition, loses all the chlorine from'the platinio ohlcride and leaves finely- 
divided metallic platinum, whioh may be converted into homogeneous 
metal by compression and forging, or by fusion.® 


* For the ultimate purification of platinum from palladium and Iridium tho motels 
must lie ro-dimmlvwl in aqua rogia.wid tho solution evaporated until tho roauluo logins 
to evolve chlorine, Tlio rualduo is then ro-proolpltatod with ammonium <ir potarmium 
chloride. Tho precipitate may ntill oonteiu a certain amount of iridium, which pauses 
with greater difficulty from tlm tetrachloride, IrCl*, Into tiro tricldorido, IrClg, but it will 
l»c quite true from palladium, because tho latter «aally Iqbcb its chlorine and passes into 


u? 


carbonate in a eruelbl®, when tho mass decomposes, giving metallic platinum and 


washed with water and treated with aqua regia. The iridium oxido remains uudimiolvud, 
and Urn platinum wittily pamum into solution. Only cold and dilute aqua regia must bo 
used, Thu (iiilution will then contain pure platinio chloride, which forum the star ting* 
point for the preparation of all platinum compounds. Pure platinum for accurate 
researches (for Instance, for the unit of light, according to Violin's method) may bo 
obtained (Mylius and Fnerstor, 1H93) by Finkeiicr's method, by di»skilving tho impure 
metal In aqua regia (it should bo evaporated to drive off the nitrogen compounds), and 
adding NaCt so m to form a double sodium salt, which Is purified by crystallising with a 
small amount of caustic soda, washing tho crystals with a strong selutkmjsf NaCl, and 
then disfttlving them in a hot 1 p.e. solution of soda, repeating tho abovo and ultimately 
igniting the double salt, previously dried at 1510®, la a stream of hydrogen j platinum 
block and NaCl ore then ffirmed. The three following are very sensitive tests (to 
thousandths of a p«r cant.) for the presence of Ir, Eu, Eh, Ed (osmium is not usually 
present in platinum which has once been purified, since it easily volatilises witli Cl» 
and CO a , and in tho flrat treatment of tho crude platinum either passes of? as Om 0 4 
or rmtminu miditiinilvi'd), Fn, Cu, Ag, and 1’b: (1) the unsay iu alloyed with 10 parts of 
puio load, Ui" alloy treated with dilute nitric add (to remove the greater part of tho 
I’b), mid disiiolvod iu aqua regia; the rtmidun will eomiiwt pf Ir utul Hu; the l'b ia 
preoipituted from the mtrie arid tiolution by sulphuric acid, whilwt the remaining 
platinum tueUhi are redueed from tho evaporated wdulion by formic acid, und Utu 
resultant precipitate fused with K1IB0 4 ; tho Pd and lUi are thus converted into soluble 
ealte, and tbs former to then precipitated by HgC#N a . (S) Iron may be detected by the 
ttsusl ragouts, if the crude platinum be dissolved I» aqua regia, and th4 platinum 
metals precipitated from the solution by formic acid, (8) If crude platinum (as foil or 
spmigo) Im heated in a mixture of chlorine and carbonic oxide it volatilises (with a 
Cerium onuumt of Ir, Pd, Fe, &o.) M FtClj,9CO (Note 11), whilst the whole of tlu* lUi, 
Ag, and i'u it may contain remains behind. Among other characteristic relictions for 
the platinum metalw, wo may mention: (J) that rhodium is precipitated from tho iiolutlon 
obtained after fusion with KHB0 4 (in whioh Pt does not dissolve) by NIIj, acotio and 
formic acids; (a) that dilute aqua regia ilissolvuH precipitated Pt, but not lth; (0) that 
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Metallic platinum in'a fused state has a specific gravity of 21 ; ft 
is grey; softer than iron but harder than oopper, exceedingly duotile, 
and therefore easily drawn into wire and rolled into thin sheets, and 
may be hammorod into crucibles and drawn into thin tubes, <fco. In 
the state in which it is obtained by the ignition of its compounds, 
it foxinB a spongjy. moss, known as spongy platinum, or else os powder 
(platinum black)/ 0 In either oase it is dull grey, and is characterised, 
as we already know, by the faculty of absorbing hydrogen and other 
gases. Platinum is not actod on by hydrochloric, hydriodio, nitrio, and 
sulphuric acids, or a mixture of hydrofluoric and nitrio acids. Aqua 
regia, and any liquid containing chlorine or able to evolve chlorine or 
brouiino, dissolves platinum. Alkalis aro decomposed by platinum at 
a rod heat, owing to tho faculty of the platinum oxide, Pt0 8 , formed to 
combine with alkaline bases, inasmuch as it has a feebly-developed acid 
character (see Note 8). Sulphur, phosphorus (the phosphide, PtP 2 , 

if the insoluble residue of tho platinum metals (Ir, Ru, Os) obtained, after treating with 
aqua regia, bo fused with a mixture of 1 part of KNOj and 6 parte of KaCOj (in a gold 
crucible), ami thou treated with water, it gives a solution containing tho Ru (and a 
'portion of the Ir), but which throws it all down when-saturated with chlorine and 
boiled; (4) that if iridium bo fused with a mixture of KUO and KJ^Qa, it given a soluble 
potassium salt, IrK.,0* (tho solution Is blue), which, when saturated with chlorine, gives 
IrCl<, wluoh iu precipitated by NH^Cl (the precipitate is- blabk)> forming a double salt, 
leaving taetallio Ir after ignition; (5) that rhodium mixed with NoCl and Ignited in a 
current of ohlorino gives a soluble doable salt (from whloh sal-ammoniac separates Pb 
and Irh which gives (according to Jfirgensan) a difficultly soluble pnrpuroo-salt (Chapter 
XXII., Note 85), Rh 9 01 Sl 5NII a , when treated with NHj; In this form tho Rh may be 
easily purified and obtained in a metallic’ form by igniting in hydrogen; and ( 6 ) that 
palladium, dissolved In aqna regia and dried (NII 4 OI throws down anyl't), gives soluble 
PdCl.j, which forms an easily orycttdlisablo yellow suit, PdCl a NH 3 , with ammonia; thl» 
salt (Wilrn) may bo oasily purified by orystallisatfon, and gives metallic I'd when 
ignited. These reactions illustrate tho method of separating tho platinum metals from 
each ether. 

fi Wo have already become acquainted with tho offoot of finely-divided platinum on 
many gu^cous substances. It is best soon in the so-called platinum llack, which iu a 
©osl-block powder left by the action of sulphuric addon the alloy of wno and platinum, 
or which Is precipitated by metallic Btno from a dilute solution of platinum. In any 
ease, finely-divided platinum absorbs gases more powerfully and rapidly the more 
finely divided and poroui it U. Sulphurous ejahydrida, hydrogen, alcohol, and many 
organic BubBlfwitiw in the pretence of euoh platinum arc tantty oxidised by the oxygen erf 
the air, although they do not combine with It disehtly. The absorption of oxygen is ei 
much os severed hundred volumes per one volume of platinum, and tho oxidising power 
of such absorbed oxygon is taken advantage of not only in the laboratory but even is 
manufacturing processes. Asbestos or charcoal, soaked In a solution of plutuno chloride 
and ignited, is very useful for this purpose, because by this means it bocmucM coated with 
platinum black. If 50 grams of I'tOl* be dissolved in 00 0 . 0 . of water, and 70 c.c. of a 
strong (40 p.o.) solution of formic aldehyde added, the mixture cooled, and then a 
eoltftion of 60 grams of NallO in 50 grams of wator added, tho platinum ie pwp 
ctpitated, After washing with water tho precipitate passse into solution and forms « 
Wok liquid containing soluble mllwlal platinum, (Locw, 1890). If tho precipitated 
platinum be allowed to absorb oxygen on the filter, the temperature mm 40°, and a 
very porous platinum blaoJi is obtained whioh vigorously facilitates oxidation* 
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Is formed), arsenic and silicon all act more or loss rapidly on platinum,, 
under tho iniluonoo of hoat. Many of the motals form alloys with it* 
Even charcoal combine® with platinum when it is ignited with it, and 
therefore carbonaceous matter cannot bo subjected to prolonged and 
powerful ignition in platinum vessels. Hence a platinum crucible soon 
become® dull on tho surface in a.smoky flamo. Platinum also forms 
alloys with zinc, lend, tin, copper, gold, and silver. 7 Although mercury 
does not directly dissolve platinum, still it forms a solution or amalgam 
with spongy platinum in tho presence of sodium amalgam ; a similar 
amalgam is also formed by the action of sodium amalgam on a solution 
of platinum chloride, and is used for physical experiments. 

There are two kinds of platinum compounds, PtX 4 and PtX 2 , 
Tho former are produced by an excess of halogen in tho cold', and tho 
latter by the aid of heat or by tho splitting up of tho former. Tho 
starting-point for tlm platinum compounds is platinwn tetrachloride, 
plat if i ic. chloride, l*l(ll 4 , obtained by dissolving platinum in aqua 
regia. 71,ls Tho Holution crystallises in tho cold, in a desiccator, in tho 
form of reddish-brown deliquescent crystals which contain hydrochloric 
acid, PtCl 4 ,2lICl,(JlIjO, and behave like a truo acid whoso salts cor¬ 
respond to the formula It 8 PtCl 0 —ammonium platinoohlorido, for 
example. 7 trl Tho hydrochloric acid is liberated from theso crystals by 
gently heating or evaporating the Holution to dryness ; or, better still, 
after treatment with silver nitrate a reddish-brown mass romains 
behind, which dissolves in water, and forma a yellowish-red solution 
which on cooling deposits crystal® of the composition PtCl 4 ,8II s O. 
The tendency of PfcCl 4 to combine with hydrochloric acid and water— 
that (a, to form higher crystalline compounds —is evident in the 
platinum compounds, and must bo taken into account in explaining 

the properties of platinum and the formation of many other of its 

complex compound*. Dilute solutions of platinio chloride aro yellow, 
and aro completely reduced by hydrogen, sulphurous anhydride, and 
many rt (hieing agents, which 1‘ur.t convert the platinio chloride into 

1 ll i» nrrxHstiiry l<> onimrk tlml platinum when ullnyul with uilv<>r, or mt mmilgtun, 
is* mi liutilo in nitiiu ut'iil, uml in tliirt rrujiwt it ililli ru from gold, i»> that it hi pomtibla, 
by idlnying gold with -nlvi-r, it ml ruling on tho alloy with nitric iu:hl, to recognise 
tb«* prMfttica of plaliuum in tho gold, Imciunso nitric acid ilwa not act on gold alloyed 
with silver. 

»W» ftCb fa «Um> formed by the action of » mixture of HC1 vapour and air, and by 
the action of gaseous chlorine upon platinum. 

1 m Pigeon (litli) obtained 4n« yellow crystals ofPtH«Cl«,4H 4 0 by adding strong nul- 
jihuno mid to a atrong solution of J'tlljCl^fiHgO If c rye tala of H.jUtCl fl ,alI.jO bo 
mxlti'd in viu iiii (W) 1 ’} in the pretence of anhydrous potash, a ml-brown unlid hydrate is 
(ilitmiiml i oiitinning lo«» water and HC1, which jiarta with tho ronitundcr nt linn leaving 
anhydrous 1HC1 4 , The latter due* not dieengago chlojrinu boforo W. und io porfoctly 
itolublo in water. 




878 


PRINCIPLES OF CHEMISTRY 


the lower compound platinoua chloride, Pt01 3 . That faculty 'which 
reveals itself in platinum tetrachloride of combining with water of 
crystallisation and hydrochloric acid is distinctly marked in its pro* 
pprty, with which wo are already acquainted, of giving procipitatoa 
with the salts of potassium, ammonium, rubidium, &o. In goneral it 
readily forms double Balts, R s Pt0l 6 =Pt01 4 +• 2RCJ1, whore R is a 
univalent metal such os potassium or NH 4 . Henoe tho addition of a 
solution of potassium or ammonium chloride to a solution of platinio 
chloride is followed by tho formation of a yellow procipitato, which is 
sparingly soluble in water and almost entirely insoluble in alcohol and 
other (platinio chloride is soluble in alcohol, potassium iridioohlorido, 
IrK 3 Cl fi , i.€. a compound of IrCl 3 , is solublo in wator but not in alcohol). 
It is especially remarkable in this case, that tho potassium compounds 
bore, as in a number of other instances, separate in an anhydrous form, 
whilst t^e sodium oompeiunds, whioh are solublo in water and alcohol, 
form red crystals containing water. The composition bra*Pt01 a ,6H s O 
exactly corresponds with tho above-mentioned hydroohlorlc compound. 
Tho compounds with barium, BaPt01 6 ,4II s 0, strontium, SrPtCl^SlIjO, 

calcium, magnesium, iron, manganoso, and many othor motala aro all 

soluble in watV . 6 

• Nilson (1877), who Investigated the platlnoohloridos of various metals subsequently 
to Bonsflorff, TopsBe, Clbve, Morlgnoo, and others, Connd that univalent and bivalent 
metals—each as hydrogen, potassium, ammonium .„. beryllium, oaloium, barium— 

give compound# of euoh a composition that there la always twice as much chlorine in 

tho platinio chloride as in tho oombined metallic oliloride; for example, KaClmPtCl, j 
JBeOla.FtChiSHaO, &o. Such trivalent met'uls as aluminium, iron (ferric), chromium, di- 
dymium, cerium (ounjun)'farm oompouncto of tho typo ItClePtCl*, in whioh tho amounts of 
chlorine aro in the ratio 0 : d. Only indium and yttrium-give suite of tv different composi¬ 
tion—namely, ainCij^rtCl^SfiirjO and dYCI^Ol’tCl^GIirjO. Audi quadrivalent metals 
as thorium, tin, rirconium give compound# of lira typo RCl^PtClj, in whioh tlio ratio of 
tho ohloriuo itt 1 ; 1. In this manner tlgi valency of a molal may, to a certain extent, bo 
Judged, from the composition of the double' s jilts formed witli platinio chloride. 

Platinio bromide, PtBr 4 , and Iodide, PtL, are anaJogouH to the totraohloridu, but tho 
iodide is decomposed still more cosily than tho chloride. If eulphurto acid he added to 
platinio chloride, end the eolation evaporated, it toms a black porous mass like char¬ 
coal, which deliquesces in the air, and hu the oompdsition Pfc(B0 4 )g. But this, the 
only oxygen nedt of the type iHXj, is exceedingly unstable. Hit is due to the foot that 
platinum omide, the oxide of the type 3?tO g , has a feeble add character. This to shewn 
in a number of iustanoeo, Thus tt a strong solution of platinio chloride treated witii 
sodium carbonate bo exposed to the action of light or evaporated to dryness and then 
washed with water, a sodium jdatinate, PtgNagOj^HaO, remains.. Tho composition of 
this salt, if wo regard it in tho same oenso as wo did tho salts of silicic, titanic, mnlylsllo 
and other acids, will bo PtO(ONa).i,2PtO a ,0H a O—-that is, the eame type is repeated m 
wo saw In tho ciystalllno compounds of platinum tetrachloride with sodium chloride, or 
with hydrochloric acid—namely, the type PtX, 8 Y, where Y is tho moleenk HgO,H01, Ao. 
Similar compounds arc also obtained with other alkalis. They will bo platinotes of the 
alkolls in whioh the platinio oxide, PtOa, play# tho part of on acid oxide. Rousseau 
(1880) obtained different grades of combination BaOPlOj, $(BoO)2PlOa, <fcc., by igniting 
a mixture of PtCb and caustic baryta. If euoh an alkaline compound of platinum be 
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Platinous Florida, PfcCl 4t k formed when hydrogen plaiinoghloride, 
Ptn,Cl fll i« ignited at 300°, or when potassium is heated at 230° in a 
etrwun of chlorine. The undooomposod tetrachloride is extracted from 
the residue by washing it with water, and a greenish-grey or brown 
insoluble mass of the dichloride (sp. gr. 5-9) is then obtained. It m 
soluble in hydrochloric odd, giving an acid solution of tho composition 
PtCl*,2UCl, corresponding with tho typo of double salts PtR a Cl v 
Although platinous chloride decomposes below 500°, still it is formed to 
a small extent at higher temperatures. Troost and Hautofouillo, and 
Soelhoitu observed that when platinum wassfcrongly ignited In a stream of 
chlorine, the metal, as it ware* slowly volatilised and was deposited in 
crystals \ a volatile chloride, probably platinous chloride, was evidently 
formed in this case, and decomposed subsequently to its formation, 
depositing crystals of platinum. 

Tho properties of platinum above-described aro repeated more or less 
distinctly, or HomeUmtw with certain modifications, in the above-men¬ 
tioned associates and analogues of this metal. Thus although palladium 

fertoi PdG«, this form passes into PdCl 8 with extreme ease. 0 Whilst 

treated with MtUa add, the alkali combines with the letter, and a jdaMme hydroxide, 
PMoH)*, remains as a brown ma#*-, which loses water and oxygen when ignited, and in 
so doing dwutniHiMiM with r slight nxplouicm. When ulightly Ignited this hydroxide drat 
limns wider and gives the very unstable oxide I'tOj. I’ktluio sulphide, PtB s , belongs to 
the mam lyj*e; it is preoixatated by the action of sulphuretted hydrogen on ft solution 
of platinum tetrachloride. Thu moist iwocipiUte is onpablo of attracting oxygon, and is 
than converted into the sulphate above twmUouod, which It soluble in water. This 
absorption of oxygon aud conversion into sulphate in another illustration oI the baaio 
oatum erf FtOj, m that it otearly exhibita both basic and add properties. The latter 
tpv, for instance, in the feet that pk&tnlo sulphide, PtQ*, gives crystalline compounds 
with the aihftli sulphides. 

9 In the eb««Mteri»tte of the plattauaa motek, it must be observed that 

palladitun in ft* tea of eotsbinaikiu Fdl a gives mUm impounds of considerable 
stability. Amongst them j mUaimu MoHek is termed by the direct action of chlorine 
or a*ji» regia {not in excess or in dilute solutions) on palladium. It forms a brown 
solution, which givro a black insoluble precipitate of palladout iodide, IMIj, with 
Kibiti.il>.. of iodiiteii (in thin rempeot, tw in many olhore, palladinm resembten mercury in 
thinn.ir.-Hric < oi>ijniiniih> ll^Xy). With ft solution of mnrcurlocyatiido it given a yellowish 
whit, j.n. ijiiiuto, p&lluiteiu. ryum.lo, 1‘rfCtNg, whit-Ji i» soluble iu putoaium cyanide, and 
givi >, ntilfl d'lllblo »uHb, Mul’lk'jN,. 

Thai iB.rUuit trf tlm pklmum ore which dissolve* In aqua regia arid in precipitated 
by ammonium or potassium oldoriite iUiom not ountete palladium. It remains in solu¬ 
tion, because the palla&te dAorkl«, I’dCL* is disoomp«#od and the palladoua chloride 
towed t# Met prweipiteted by ammonium chloride; the sana holds good for hU the other 
lower uhh+Mfii of the plattium metal*, Sine (and hoe) separate# out ail the uaprocipb 
Uwd platinum metals (and also copper, to.) 6m the solattau. The pelWtfttm k found 
hi tbvfto pluUuum residue* precipitated by etoe. If tht» mister* of omtala lm treated 
with ft.pm regia, all tlm i«Uadiua wth pass is to eototton M peUadous chloride wtll^ 
m>tm iJfttitilu i hlnritk. lly this treatment tho main portion of the Iridium, rhodium, m, 
eumatos almost undUmolved, the platkuua is eeparated from the mixture of palladia 
usd pktlnte chlerUiw by & ecdutbs of ammonium chloride, and tbs eolutkm of palkdioi^J 
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rhodium and iridium in dissolving in aqua regia also form Rh.Cl 4 and 


ia precipitated by potassium iodide or more uric cyanide, Wilm (1881) showed that 
palladium may bo separated from an impure solution by saturating it with ammonia; all 
the iron present ia thus precipitated, and, after filtering, the addition of hydrochloric 
noid to the filtrate gives ft yellow procipitate of an ftmmonio-palladium compound, 
PdGl 3l 2NH 3 , whilst nearly all the other metals remain in solution. Metallic.palladium 
is obtained by igniting the ammonio-oompound or the cyanido, PdC 3 N 3 . It occurs 
native, although roroly, and is a motal of a whiter colour than platinum, tp. gr. 11'4, 
molts at about 1,600 s ; it is much more volatile than platinum, partially oxidises on tho 
surface when boated (Wilm obtained epongy palladium by igniting PdClj,flNHj, and 
observed that it gives PdO wlion ignited in oxygon, and that on further ignition this 
oxide forma a mixture of l’d 3 0 and I'd), and loses its absorbed oxygon on a further rise 
of temperature. It duos not blacken or tarnish (does not absorb sulphur) in tho air at 
the ordinary temperature, nnd is therefore better suited than silver for astronomical and 
other matnimuntu In which fine divisions liavo to bo engraved on a white motal, in order 
that tho fine linos should bo clearly visible. Tho most remarkable property of palladium, 
discovered by Graham, consists in its capacity for abtorbing a largo amount of hydrogen. 
Ignited palladium absorbs as muob as 040 volumes of hydrogen, or about 0‘7 p.c. of its 
own weight, which closely approaches to the formation of the compound PdgHs, and' 
probably indicates tho formation of palladium hydride, Pd»H. This absorption 
also tokos place at the ordinary temperature—for example, when palladium serves aft 
an electrode at which hydrogen is evolved. In absorbing tho hydrugon, tho palladium 
does not change in appearance, and retains all its metallic proportion, only its volume 
inm'ftHOH by about 10 p.o.—-that is, the hydrogen pushes out and uoporatoa tho atoms of 
the palladium from eaoh other, and is itself compressed to v J(j of its volumo. This com¬ 
pression indicates a great fore© of ohemloal attraction, and is ooooraponted by the evolu¬ 
tion of heat (Chapter II., Note 88). The absorption, of 1 grm. of hydrogen by metallic 
palladium (Favre) is aooomponied by the evolution of 4‘8 thousand oaloriee (for Ft 2i>, 
for Na 18, for K 10 thousand junits of" heat)* Troost showed that the dissociation 
pressuVe of palladium hydride is itioonsiderable at the ordinary temperature, but roaches 
the atmospherio pressure at about 140°. This subject was subsequently investigated by 
A. A. Cracow of Si. Petersburg -(1894), who showed that at first the absorption of 
hydrogen by tho palladium prooeods like solution, according to tho law of Dalton and 
Henry, but that towards tho cnd.it proceeds liko a dissociation phenomenon in definite 
coiniHiiiiidu; tliin fnrinii another link between tho phenomenon of solution and of tho 
fonnatiim of definite utmaio compounds. Cracow's ohuorvnl.iiurn for iv temperature) 1H°, 
nhowi ti that the ulnelro-enmluctivity and tension vary until a coiniMiuml l’d 3 II ioreaohod, 
and namely, that tho tension p rites with tho volume v of hydrogou absorbed, according 
to tho law of Dalton and Homy—for insUuou, for 

#®2T S'S 7*7 no. 

V" 14 SO 84 47 

The maximum tension at 18° la 9 ram. At a temperature of about 140° (in the vapour of 
xylene) the maximum tension is about 780 mm., and when o«10-5Q vole, the tension 
(according to Cracow’s experiments) stands at 90—460 mm.—that is, inorsosos in pro¬ 
portion to the volume of hydrogou absorbed. But from the point of view of chemical 
mechanics it is especially important to remark that Moutior clearly showed, through 
palladium hydrulo, tho similarity of tho phenomena which proceed in evaporation and 
dissociation, which fact Henri Bainto-Clairo DoviUo placed as a fundamental proposition 
In the theory of dissociation. It is possible upon tho basis of the second law of the 
theory of heat, according to tho law of tho variation of the tension# of evaporation with 
thft temperature T (counted from — 278°), to calculate the latent heat of evaporation 
L (»*• works on physios) booause 424 L«T (1/d-1/D) dpldt, whore rf and D are the 
weight* of oublo measures of the gas (vapour) and liquid. (Thus, for instance, for 
;qyater, when fwlOO 0 , Tw879, tfwO‘005, D*>960, dpIdi^Q'Wl nn, 18,590 «■ 807, L»6B0, 
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Ir01 4 , bat they pass into RhCl a and IrCl 3 0 w » verysaaily when heated 

whence 494 L** 227,264, and the fiocond portion of the equation 296,144, which is 
sufficiently near, within thu limits of experimental error, see Chapter I, Note 13.) 
Tho flame equation is applicable to the dissociation of Na^H and K a H-—{Chaptor XIX, 
Note 42)—but it has only been verified in this respect for Pil a If, since Moutior, by 
calculating the amount of heat L evolved, for f«20, according to tho variation of 
tho tension (d/i/df) obtained 4*1 thousand calories, which is very near tho figure 
obtained experimentally by b’nvro (sea Chapter XII., NoUs 44). The abwirlnsd hydrogen 
la easily dinongaged by ignition or duaraasod proBBure. Tito resultant compound 
does not doomniioBo at tho ordinary temperature, but wlwn exposed to air thu metal 
acmuitimcu glows simntanaously, owing to the hydrogen burning at the expen iw of 
the almospherte oxygen. The hydrogen absorbed by palladium acta towards many 
eolations u a reducing agent; in a word, everything here points to the formation of a 
definite compound and at the same time of- a phyrdeally-eompressed Jag, and forms one 
of Urn tost examples of the bond existing between chemical and physical process*, (a 
which wo have many time® drawn attention. It must bo again remembered that the 
other metals of tho eighth group, even copper, are, like palladium and platinum, ablo to 
emiibim) with hydrogen. Tho ymrmeabillty of iron and platinum tubes to liydrogun ia 
naturally duo to tho formation of similar oompounda, hut palladium ia tlm most 

pmnrttMo. 

6 to** Wuulivm ia generally &oi>amtod, together with Iridium, from thu residues loft 
after tha treatment of native piatiniun, Imeause Urn palladium i» entirely separated from 
them, and th« rutitanium is present ia them in very email trace#, whilst the osmium at- 
any rati is easily separated, am wo shall booh see. The mixture of rhodium and iridium 
which is left umlimolverl in dilute aqua regia is dissolved in chlorine water, or by the- 
action of chlorine on a mixture of the metals with sodinm chloride. In sithor case both 
wt.du pium into rnlntinn. They may ho separated by many methods, In cither civso 
{if the uelion lui aided by boat) tho rhodium ia obtained in tho form of tho chlorido 
rtlun. 1 , and tlio iridium an indioutt chloride, IrCl> Tlioy both form double nullu with 
sodium chlorido which art* soluble In water, but tho iridium Halt is also partially wduhlo 
iu alcohol, whilst thu rhodium salt is not. A mixture of tho ehloridott,wlu!U IreuU'd with 
dilute aqua regia, given iridic chloride, JxC4i whilst tho rhodium chlorido, IUiCIj, ro. 
umina unaltered; ammonium chloride Uum precipitates tlio iridium os ammonium irulio- 
chloride, Ir(NB4) 8 Gl* and on evaporating -the roee-odoured filtrate the rhodium gives 
a crystalline salt, Bh{NlL)iCl#. Ehodlhta and its various oxides are dissolved when 
fused with potassium hydrogen sulphate, and give a soluble double sulphate (whilst, 
iridium remains unacted on) $ this foot I# very characteristic for this metal, which offers 
In Its properties many points of rssomhlanoa with the iron metals. When fused with 
potassium hydroxide and chlorate it is oxidised like iridium, but it is not afterwards 
soluble in water, iu which respoot it differs from ruthenium. This is taken advantage of for 
separating rhodium, ruthenium, and iridium. In any case, rhodium under ordinary 
condition)) abuiyii givew unite of tho typo HXg, and not of any other typKj; and not only 
halogen i.alte, but uhio oxygen unite, arc known in lb in tyj*>, which ia tarn aiuxiig 
the platinum nirtehi. Khudium chloride, IlliClg, in known in an hoiohihln uui.y.lr. urn 
and also in a tillable f.,»m (like GrXj or unite of chromic oxidee), in wliich it dimly gives 
double sal to, oumjKiUudu with water of ory*itaHi»mlitm, and forma rowncolourod Huiutions, 
In this font) rhodium candy given double salts of thu two types IthMjC!l fi and RbM a Cl 4 -- 
foe example, K»HhGl*iiH*0 and KsUhCl^lItO. Solutions of tho salts (at least, the 
ammonium salt) of the first kind five salts of the second kind when they are boiled. If 
a strong solution of potash be added to a red solution of rhodium chloride and boiled,» 
blank precipitate of the hydroxide Bb(OH) 4 is forrosdj but It tho solution of potu»h i« 
added littlo l,y little, it given a yellow precipitate contai ni ng more water. Thin yellow 
hydrate id rhodium oxide gives a yellow solution whan it is dissolved in wide, which 
only bucomeu row-coloured after being boiled. It Is obvious a change boro taken place, 
like the transmutations of tlm eulte of chromic oxide. It is also a remarkable fact that 
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or ■when acted upon by substances capable of taking up chlorine (even 
alkalis, which form bleaching salts). Among the platinum metals, 
ruthenium and osmium have the most acid character, and although they 
give BuC1 4 and OsCl 4 they are easily oxidised to Ru0 4 and 0s0 4 by 
the action of chlorine in f ,he presence of water ; the latter are "volatile 
and may be distilled with the water and hydrochloric acid, from a 
solution containing other platinum metals. 9 M Thus with respect to 

the black hydroxide, liko many other oxidised compounds of the platinoid motels, does 
not dissolve in tho ordinary-oxygon acids, whilst tho yellow hydroxide is easily soluble 
and gives yollow solutions, which deposit imperfectly crystallised salts. Metallic) 
rhodium is easily obtained by igniting its oxygen and other compounds in hydrogen, or 
by precipitation with zinc. It resembles platinum, and has a sp. gr. of 1'2‘L At tho 
ordinary temtwrature it decomposes formic, arid into hydrogen and oarhonie anhydride, 
with development of heat (l>evillo). With the alkali sulphites, the salts of rhodium and 
Iridium of tho typo ItXjj give uparingly-solublu precipitates of double sulphites of tho 
composition !i(B©3Nn)g,HgOj by means of which these metals may ho separated from 
solution, and alio may bo icparated from each other, for a mixture of those salts when 
treated with strong sulphuric acid gives a soluble iridium sulphate and loaves u reel In- 
soluble double salt of rhodium and sodium. It may he remarked that the oxides Ir/> 3 and 
BI119O3 aro comparatively stable and are easily formed, and that they also form different 
donblb milts (for instance, IrCb,BKCllUl y O, Uh< V-iNIV^U-A HhiVWHi<MliII 4 0) 
and compounds like the cohaltia compounds (for instanee, luteo-salts UhX.telNHj, rmieo- 
salti, IthX^H 9OSNII3, and purpuroo salts lrX s ,r»NH 3 . Ac.) Iridic mu ou/de, Ir-Aw hi 
obtained by fusing iridiou* chloride un<l its compounds with sodium carbonate, and 
treating tho mass with water* Tho oxide in then left as a block powder, which, when 
strongly boated, is decomposed into iridium and oxygon; it is easily reduced, and la 
insoluble in acids, which indicates tho fooblo basic character of thin oxide. In many 
respects resembling such oxides m oobaltio oxide, eerie or load dioxide, &o. It chan not 
dissolve when fused with potassium hydrogen sulphate. Khodiutn oxide, BhfO t i, in 11 
far more energetic bai©. It dissolves when fused with pottutHium hydrogen sulphate. 

From what has boon said respecting tho separation of platinum and rhodium it will 
bo understood how tho compounds of iridium , which in the mam aiaiodate of platinum, 
arc* obtained. In describing the treatment of ommridium we shall again have an 
opportunity of learning tho method of extraction of the eompmmdn of this motel, which 
has in recent times found a technical application in tho form of its oxide, lr 4 0^ 
this in obtained from many of tho compound*! of indium by ignition with water, hk 
easily reduced by hydrogen, and is insoluble in iu:i<hi. H is used in painting <m china, 
for giving a black colour. Iridium itself in more difficultly fusible than platinum, and 
when fused it does not doeompos© adds or even aqua regia ; it is extremely hard, and i» 
not malleable ; it® »p. gr, I» a&' 4 . In tho form of powder it dissolves in aqua t#gla., and 
Is even partially oxidised when hasted in air, sots firt to hydrogen, and, in a woti f «lo»i:ily 
resembles platinum. Heated in an mmm of chlorine it gives iridic ohlorid^ XtCI 4 , hut 
this loses chlorine at 50°; it Is, however, more stable in the form of double mite, which 
have a characteristic black colour—for instance, Ir(Nky f €! t t-»-but they give Iridious 
chloride, TrCIj, when treated with sulphuric add. 

0 lrl We have yet to become acquainted with the two remaining uHMnci.it ou of platinum 
—ruthenium and osmium—whoso most important property in that they mo oridiami 
even when heated in air, and that they are abb* to give vulutdv oxtdon of tin* form Iiii0 4 
And OsO<; these have a powerful odour (hkn iodine mid nitrous anhydride)* Both tlicsn 
highs* oxides ore solids; they volatilise with great earn* at lot)' 0 ; the former it yellow 

_ a j.%, - ___ilja. m,_ 1 r . « * > ■ » * . 




the typo* of combination, nil the platinum metals, under certain circum- 
stance*, give compounds of tho typo RX 4 —for instance, RQ 8 , RC1 4 , &a 

five etpildlnm mMm with hwm, and fhulr attaltao notation* prtteBy deposit ihem 
&g&ln wton bolted (m mmm of water imarnpoma ttai mite). The fernmlw 0«0 4 mA 
Eu 0 4 mmmpmi with ttat vapour <te» ally of tlitiw « 14 tis. Thus Etevilte found tho 
Vftpowr dmlty of mmk imltyttrkte to tas 1* {by the formula Itt’§) referred to hydrogen* 
Tennant witl Vauquolin dteeororod thto ootnpnum!* tad Boraoliu*, Wohler, PrltMcho, 
Struvd, Itevilto, (Man*, July, and altor* helped In lit itivtotiftAtton; novorthotarin there 
Mt* utill many epumtkuw coqoomlng it whteh romata micilwict It should t mi obsorvod 
that 1104 111 ilw highest known form fur m oxygon wmpmmd, and liH* is tho higlwit 
known form for % mmpsmtA of whitettto h%h§*t torn* id «eld hydrates 

contain f'liIJ 4 04, FHjO*, SllgOn (RHOr-w with four atoms of oxygon* And ttorofom la 
this numhor ttovo li apparently the Halt lot tto ataiji* Horn» of oombtoatkm of hydrogen 
and oxygen. In with mmm I nton* of tai otaMniit or aawand atamant* 

ttoro may to mom than 0* or £t|»b«l * motto*)* nam oofctatn* unto than few atoma 
of either 0 or If to out atom of Monitor etemont That tho slmplaat form* of ©ombtaa* 
Um of hjimmm and oxygen are oxtonatad by tho list EH*, BB # , BHt» EH, BO, EO tf 
»0|, J10 4 . Tho axUwmo amItH* and B0 4 » mi aro only met with for such 

tinfftoftifi tii carton, nlllcwi, osmium* ruttonfutn* Which alto givo E01* with chlorine* 
In ttop« %-%\nmm forma, EH* and 110*, tho ^*iit|»iinc1i are tho least stable (oora* 
jinn* lhlf|, J*H 1s HlC a , C1H* m EuO*, hfoO#, Er0 4 * 8rO), and wily give up part, m mm 
*11, tli«lr oxygen «r hydrogen. 

Tto primary tourne from thteh lit <d «aA «aalum t m 

elW !• oithor omiriitom i (ft# <mAom from &0x to Xr0%* ip, gr. 

from t§ tofftwWeti <mim In flutkwn mm (It to dtotiog^tohoa from tho gmta§ <& 
plat Is urn by Iti rryutillliift »tr#te», hi,yiii#»» # fc»4 tosolaWllty In Aqm m§h%ov ©1b@ 
4IjC’«i Iiism4«1»1o rt’pkittrti which aw olttrifiiiah m wo taw dhow, after trmfcing platmum 
with wglft. Uonilum imdea In t\mm matoriidg, which somatimefi'cotttaitt 

frf’in tW p o. to 40 pe. nt It, uml rumly tmm than 4 p.o. to 8 p.o. of nithi nium, Tim 
lipwaim f«"*r their tr^ninmnt i*» m ft^hm^t: thtfyiiro first fused with fi parte of sine, ^jad 
th^ *I«p to then extra* ted with dihste hftlrc»rlih»r|ti *c*id, Tho osmlridium, thus treated 
In, wwdifsff to friliwlie Mid Hiruv4*s luothod, ft#a ftdded to 4 futod mixftiw of 
pfttiiiiiiltim hydroxhlti mil dbHorate la m t»a ©wcllil# j tho mass, m It b^tns to ovoBra 
oiygfiii iiots «i tho m»tri # mi th§ umUm afterward* prooaad* ^miteaooualy. Tb& 
iiA prodoot to treated with water, mi gto®» * wlittaa of oamtam toi mthaolum hi 
tli« form of wilobto «lte* «m& l^« 0 # wHlrt fta fx^oluhte vo^duo wsxteim * 
t^xtm #f #*§!§• # Wilwa (md mm AmMom, and tvihrafmtt) # <md p»&» 

^ Miteffl© MMmm «til utmettf m* AooonUof to f^y% mothod fto Imop of 
onulridlnkn i» slight way limted to la * poroakfik tub© la a «ta> of air or 

oifici.1, when tlw vory ¥ol»tfI«i ©unto aftfcydridtt It ohialood d^iootly, wad Is coHocted la 
§ wrll-t^tot! rccclfpr, whilst tlw imtti«ilii«i %\vm a-oryeWHo* sublimate <^f tho dloxldo* 
tlu(h> \%liUh Ic, however, vary dilfimiHjy volatilo {It vol&tiVmn together with obsIIo 
i«jhv4H«trh th« mf**m rmminn In th«»«*M»l«3r portioiift of the iulrn; this method dooa 
tuA gH'* tuUwniit; MdiydrUte,and flic iridium and otli«r rnutalu aw not oxidised 

cir *> t» ‘ii % * -Ini il«- pri’Jurlt, Tlilu p 4 Ptlp«t iti ftlmplo, and at mm gl tm dry, pur© oamlo 
wiIsftirMts in th« rarnlvcr, m*\ nithimiiim dloichte la tho tmhUmate. The «4r whtoh 
mmm§ thiongh tti# tut* ihwtltl ha |iwwfoa*lf pwnMkl th»«#i tulphwto aoAd» m t oofer la 

mmmpmAti mieh- 

mml U pworfally mmM.mA V*m& ait emkfa A 

third mAa of wlitoh l« w«t fre®u«i% ^bytd* wt» p^awi l^WBhlw, 

as»d cos.ftiwir in nightly touting (la «*4®» ftat <to ^wb ithmM not melt) an 

InilimU ialt!nr« «f ortniriilliiia and m&mm Mitt la a »tr*«m of motet chlorine. The 

fiwtuiii then fmm oouiptuud* with ^dcwliifi and aodiom dbWdo, whilst tho ptmima 


But this is the highest form for only pUtinum and palladium. 
The remaining platinum Petals further, like iron, give acid* of the type 

give ruthonio anhydride, but is always extraotod as tho soluble ruthenium salt, K^RuO*, 
obtained by fusion with potawium hydroxide and chlorate or nitrate. When the orange* 
coloured ruthonate, K^RuO*, is mixed with acute, the liberated ruthonio acid immediately 
decomposes into the volatile ruthonio anhydride and tho insoluble ruthonio oxide: 
SKjjRuO* *t 4HN0 3 ^Bu 0 < + RuO*2H a O + 4KNO s . Whim one# one of tho above com¬ 
pounds of rathoaium or osmium is procured it lt§ easy to obtain all the remaining 
compounds, and by reduction (by metals, hydrogen, formic add, Ac.) tho metals 
themselves. 

Oamic anhydride, OhO*, is very easily deoxidised by many methods. If blackens 
organic aulmtanccH, owing to reduction, and is therefore used in investigating vegetable 
and animal, and especially nerve, preparations under the mu’nwejie. Although ostuio 
anhydride may bo distilled in hydrogen, still complete reduction in ueeomphsdutd when ft 
mixturo of hydrogen and onmic anhydride is slightly ignited {just before it inflames). If 
osmium bo placed in the ihwiio it is oxidised, and given vapours of oauiic anhydride, which 
become reduced, and the flame gives a brilliant light. Oninlc anhydride deflagrate® 
like nitre on red-hot charcoal; aine, and oven morenry and silver, reduce osmio anhydride 
from ita aqueous aolutloni into tho lower oxides or motel; such reducing agnate m 
hydrogen sulphide, ferrous sulphate, or sulphuroun anhydride, aloohot, An., act in Urn 
same maimer with great eiuio, 

Tim lower oxides of osmium, ruthenium, and of tho other elements of tho platmum 
Tories are not volatile, anti it is noteworthy that the other elements behave differently. 
On comparing SO.j, StbI Af.j<to A a/)-,; 1 *■/)%, l V)•,; CO, OOj, Ac., we okmivo a 
converse phenomenon ; the higher oxides are less volatile than the lower. In the cue© 
of osmium all tho oxides, with the exception of the highest, nro non-volatile, and it may 
therefore ho thought that this higher form ia more nimply constituted than fell# low*#* 
It h pewtibk that oimic oxide, OsO a > stands in tho sm&o reflation to the tnhydrifo m 
CgH 4 to CH 4 -hU. the lower oxide is perhaps Of^O*, or ia still more polymurised, which 
would explain why tho lower oxide®, having a greater molecular weight, am loss volatile 
than tho higher oxides, just as w® saw in the case of the nitrogen oxides, N a O and NO. 

Buihenium and oq/nium, obtained by tho Ignition or reduction of their cumjn.umlt 
in tho form of powder, have a density considerably loss than in the fused f>u m, and dimr 
in this condition in their capacity for reaction ; they are much more difficultly fu .<-.1 then 
platinum and iridium, although ruthiuiium is morn fusible than o.mium. Kufli.-mum 
in powder hmi a aperitif gravity of MT», tho fused metal of ]'«i *J ; o .miuin in j»nud« r Si e$ a 
specific gravity of and u hen semi fum-d.-or, more ai.j ieily ;;pi"d»iijjg» „ -no 1 at* <1 — 
in the oxy«hydrogen flame, of vll'l, and fused LCJ'o. Tho poudi r of i light h h< if 1 d ** mown 
OXltlhwH very oiualy in the uir, and alieu ignited kuna like tinder, diie. tly f><nmug the 
odoriferous mimic anhydride (lienee its name, from the 1»reek word 'ngmfymg od.utt); 
ruthenium also oxidises when heated in air, but with more difficulty, funning tie* m»i«k 
RuOg. Tho oxides til the types HO, R a O,g„ and ItCh, (and their hydrates) obtained by 
reduction from tho higher oxides, and also from tho chlorides, are «mlogmw t« those 
givon by the other platinum motels, In which respect osmium and ruthenium ekaoly 
resemble them. W© may also remark that ruthenium has been found hi the platinum 
deposits of Borneo in the {arm of laurit^ Rttj% in grey ootahodm of up. gr. 7 0. 

For osmium, Moraht and Witiohin (WD8) obtained free < cm tie arid, ff.n (» Jt by 
decomposing KqOu0 4 with water, and precipitating witli alcohol in a enro ot.«! hyhegen 
(because ia air volatile 0aO 4 is formed); with BjH, ounde acid gives < » .<* H.j, of tho 
ordinary temperature. 

Btbmy and July showed that rutin me anhydride, ltnt> 4 , fn*w>» at ‘if»\ I«.jl>§ at ion # 
O&A Wfohwt oxygon when dissolved in potash, forming ih«» ialt KituO* (not luomorplious 
with potassium pormanganato), 

Joly (till), who studied ths ruthenium compound* In greater detail, shewed that tho 



R0 3 or hydrates, H a R0 4 t=R0 a (II0) a (the type o£ sulphuric acid); but 
they, like ferric and manganic acids, aro chiefly known in the form of 
salts of the composition K a R0 4 or K a R a 0 7 (like the dichromatd). These 
salts aro obtained, like the manganatcs and ferrates,. by fusing the oxides, 
or oven the metals themselves, with nitric, or, better still, with potassium 
peroxide. They are soluble in water, aro easily deoxidised and do not 
yield the acid anhydrides under the action of acids, but break up, either 
(like the ferrate) f< muing oxygen and a basic oxide (iridium and rhodium 
react in this maimer, as they do not give higher forms of oxidation), or 
passing into a lower and higher form of oxidation*—-that is , 1 reacting 
like a tnanganato (or partly like nitrite 'or phosphite). Osmium and 
ruthenium react according to the latter form, as they are capable of 
giving higher forme of oxidation, 0s0 4 and Ru0 4> and therefore their 
reactions of decomposition may bo essentially represented by the equa¬ 
tion * 2 0s0 3 =OsO a -4- 0s0 4 . 1 0 

rospoctn. In general, Ifcn hm much in common with Mn, Joly H BBi>) also showed that 
if KNO5 he wide*} to a notation of ItuClg containing HCl, the solution hot, and 

a ndt, RuCl 3 N 0 *iJK 0 I, Is formed, which enters into double decomposition and it very 
stable. Moreover, if RuClj be treated with an exoeiit of nitric acid, it forma a ualt,' 
BuCljNOHyO, after being heated (to filing) and the addition of HCl. The vapour 
density of ltu0 4 , determined by I>ebray and Joly, correspondsto that formula, 

10 Although palladium given tho same types of combination (with chlorine) us 
platinum, itn reduction to JUX*, in incomparably ciusu-r than that of platiniirchlorido, and 
in tho cane of iridium itj in also very easy. Iridic chloride, TrCl (i) twin an an oxidi.-ing 
agent, readily parts 'with a fourth of itn chlorine to a number of mihutummu, readily 
evolve# chlorine when heated, and it in only at low tompcratnroH that chlorino and aqua 
regia convert iridium into iridic chloride. In disengaging chlorino iridium more often 
and easily given tho very stable iridioui chloride, IrClj (perhaps thin imlmtanco ia 
Ir,Cb) »• IrCl^lrOh, insoluble in water, but soluble in potassium chloride, because it 
form« tho double salt K^txQl^ than tho dlchlorido, XrCIg. This compound, corresponding 
to IrX§, it vary stable, and correspond® with tho bade oxide, lr s 0 j, resembling the 
oxides F%Of, CoaOj. To this form there correspond amm’oni&cal compound® similar to 
those given by ooboltio oxide. Although Iridium also give# an acid in the form of the 
writ K^Tr-iO?, it dots not, like Iron (and chromium), form the corresponding chloride, 
IrClrt. In general, In this as in the other elements, it is Impossible to predict the chlorine, 
compounds from those of oxygen. Just as there is no chloride HC1«, but only 8Cla* no 
also, although Ir<b oxhitij, IrCl ( j in wanting, the only chloride being lrCl|, and this 
»ti um>table, like and easily parts 'with its chlorine. In ihi.i rripeet. rhodium Is 
very much like iridium (an platinum is like palladium). For KhCl* dcoompuami with 
extreme vivas, whilst rhodium chloride, KhOb, in very stable, like many of tho salt') of 
the type itlrXg, although like tho platinum elements thouo suite are easily ml need to 
metal by the uotyon of heat and powerful reagents. There in m close a resemblance 
between osmium and ruthenium. Osmium when submitted to the fiction of dry chlorine 
gives osmio chloride, 0i01 4l but the latter is converted by water (m 1® osmium by moist 
chlorine) into osmlo anhydride, although the greater portion ia then decomposed 'into 
Oe(Uo) t ami 4HC1, like a ohloronhydride of m acid. In general this add character is 
more developed in osmium than in platinum and Iridium. Having parted with chlorine, 
oiiinio ohlwrulo, CM-h, gives tho unstable trichloride, OuCb» and tho at able soluble 
dichloride. OmCIh which corresponds with platlnoua cldorido in its prot^riio® and 







Platinum and its analogues, like iron and its analogues, are able to 
form complex and comparatively stable cyanogen and ammonia com* 
pounds, corresponding with the ferrocyanides and the ammoniacal com- 


If platinous chloride, PtCl 2 (insoluble in water), be added by degrees 
to a solution of potassium cyanide, it is completely dissolved (like 


light. It is easily soluble in water, effloresces in air, then turns red, 
and at 100° orange, when it loses all its water. The loss of water 
does not destroy its stability—that is, it still remains unchanged, and 
its stability is further shown by the fact that it is formed when 
potassium ferrocyanide, K 4 Pe(CN) 6 , is heated with platinum black, 
is 

litmus; it is exceedingly stable under the action of air, like potassium 
ferrocyanide, which it resembles in many respects. Thus the platinum 
in it cannot be detected by reagents such as sulphuretted hydrogen ; 
the potassium may be replaced by other metals by the action of their 
salts, so that it corresponds with a whole series of compounds, R 2 ^ > K^-^)4> 
and it is stable, although the potassium cyanide and platinous salts, of 
which it is composed, individually easily undergo change. When 
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that platinum I® able to form compound*! of util! higher typos than that expressed 
in its saline compounds, and, moreover, the combination of hydroplatinocyanio acid 
with water does not reach the limit of the compounds which appears in FtCL,2HCl> 

0H^O. 

A wholo series of plaiinoeyanidn of the conunon typo PtR 3 (CN) 4 «H .|0 in obtained 
by means of double decomposition with the potassium or hydrogen or nilvor suite. For 
example, tho write of aodium and lithium contain, like tho potassium salt, three molecules 
of water* The aodium iatt ii soluble in water and alcohol, Tho ammonium salt ha# tho 
composition Pfc(NH4) 8 (CN) 4 ,9H a 0 and gives crystals which reflect blue and rose-coloured 
light. This ammonium salt decomposes at $00°, with ©volution of water and ammonium 
cyanide, leaving a greenish platinum dioyanide t Pfc(CN)g, which is insoluble In water 
and acid but dissolves in potassium cyanide, hydrocyanic acid, and other cyanides. The 
same platinoua cyanide Isf obtained by tho action of nuljdiurio acid on tho potassium 
salts in the form of a reddish-brown amorphous precipitate. Tho moat characteristic of tho 
platinocyanidon are those ol tho alkaline earths. Tho inagntMiium salt JUMg(ON) ,, 711^0 
crystallines in regular prisma, whoso aide faces are of a metallic green colour and terminal 
planum dark blue. It shows a carmine-red colour along the main axis, and dark red 
along the lateral axon; it easily loses water, {‘ill/)), at 40 °, and then turns blue (it then 


contains CKgO, which is frequently tho case with the platinooyonides). Its aqueous 
eolation Is colourless, and an alcoholic solution deposits yellow crystals. Tho remainder 

of thd water it given of! at M0°. It is obtained by saturating platinocyanic acid with 
magnesia, or ebio by double decomposition between tho barium salt and magnesium sul¬ 
phate. Tho strontium salt, SrXH(CN) lt 4 H/> crystalline!* in milk-white plates having 
a violet and green iridescence. When it effloresces in a desiccator, its surfaces have 


a violet and metallic green iridescence. A colourless solution of tho barium salt 
3 ?tBa(CN)}, 4 ib |0 in obtained by saturating a solution of hydroplatinocyanio acid with 
baryta, or by boiling tho insoluble eopjHjr platinocysnido in baryta water It crystallises 
In monoclinie prisms of a yellow colour, with blue and green iridmuamoo; it loses half its 
wafer at 100% and tho wholo at 100°. Tho ethyl salt, I > t(CaIl®)g(CN)4,21t|0, is also 
very characteristicj its crystals arc toomorphous with those of the potassium salt, and 
arc obtained by passing hydrochloric acid into an alcoholic solution of hydroplatino¬ 
cyanio acid. The, facility with which they crystallise, the regularity of thdlr forms, 
gnd their remarkable play of colours, renders the preparation of the platlnocyattldes one 
pf the rnont attr&ctiv© lessons of the laboratory. 

By the action of chlorine or dilute nitrto odd, the platinocyanidoa arc converted into 
salts of tho composition XHM s (ON)§, which oorreaponds with Pt(CN) s ,SKCN—that is, 
they express tho type of a non-oxiatent form of oxidation of platinum, PtXj (i.c. oxide 
l»t u 0 3 ), ]unt an potassium forrioyunido (PeCy 3 ,8KCy) corresponds with terrio oxide, and 
the fnrroeyanido corresponds with tho ferrous oxide. Tho potassium salt of thin series 
contains FiK/ONh/UI/), and forms brown regular prisms with a metallic lustre, and is 
soluble in water but insoluble in alcohol. Alkalis* reconvert this compound into the 
ordinary plutinooyanide K 8 iT(CN) 4 , taking up the excess of cyanogen. It is remarkable 
&W4 the salts of tho typo TtM s Cy«i contain the name amount of water of crystalligation 
m those of the type PtMsCy* Thus the salts of potassium and lithium contain three, 
and tho salt of m«fno»ium seven, molecules of water, like the corresponding sslte of the 
typo of platinous oxide, Moreover, neither platinum not my of its associates gives any 
cyanogen compound corresponding with the oxide, i#. having the composition 
just as there arc no compounds higher than those which correspond to BCyjnMCy foe 
cobydt or iron. This would appear to indicate the absence of any such cyanides, and 
i.i UiAwi ntn-ff nrtltr-f'VftjiJdfia contalnim? more than tliroo 


ammonia* Owing to the influence of the ammonia, the X 2 in th# 
resultant compound will represent the same character m it hm in 

\ 

2COCl ? , as PiClj te able to combine wife oxychlorides, awl forma somewhat tttfele 
compounds. 

(D) The faculty of platlnoos chloride for forming stable compounds with divers nub. 
stances shows Itself in fee formation of fee compound PtCl^PGla by the action of phos¬ 
phorus pentachloride at 250° m platinum powder (Pd reacts in ft similar manner, 
according to Pink, 1802). The product contain* both phosphorus penteldortde and 
platinum, whilst the presence of PtCl.j is shown in the fact that the action of water 
produces cf&rrplalimbphmpharou$ acid, Pf.Cl,jP(OII) s . 

(M) After thts.cyivnideH, the double rndtn of platinum farmed by mlphunm$ acid are 
most distinguished f<»V their stability and fearnotertittic properties. Thm m all the more 
instructive, aa sulphurous acid in only feebly energetic, ami, moreover, in tl nm\ tw in nil 
its compounds, It exhibits a dual reaction. The write of sulphur* lUti and, 14**HC l 1t cither 
react m salts of a feeble bibaaio acid, where the group HOj proMshtM ttmrff iw bivalent, 
and consequently equal to X|,or else they react after the manner of wilts of a monobasic 
add oontehdng the same residue, RSOji, ft* occurs In feu salts of sulphuric acid. In ««1- 
phuroui add this satetas l» oombtasd with hydrogen, HfSOglf), whilst in sulphuric acid 
It Is united with fee aqueous residua (hydroxyl), OH{RO»H)» These two forms of action 
of fee sulphites appear in their reactions wife the platinum suite—feat i« to my, salts of 
both kinds tm farmed, wad they both correspond with the tyjw* ITH. 3 X 4 , Tlio 0110 
series of salts contain and their reactions are due U> the bivalent remit*# 

of sulphurous add, which replaces X a . The others, which have the cumjtnutinn 
PtE a (80 a H) 4 , contain aulphoxyl. The latter «*Hu will evidently mart like add *; they 
are formed simultaneously with the write of tlui first hind, and %mw lute thimi. Them* 
salts are obtained dfeor by directly dissolving platinous ©*Idt In water ©miUming sub 
phurou* add* or by parsing «lphmK»» anhydride lute a solution of platinum* chlorite 
in. hydrochloric noil* If a solution of plafewms ©Worlds or platinous iwMit In eulgthurtms 
add be saturated wife sodium carbonate, It forms a white, sparingly soluble precipitate 
ooatalning PtNtg( 8 Q^ft) 4 , 7 H^. If this precipitate be dissolved in ft small quantity of 
hydrochloric add and left to evaporate at fee ordinary temperature, It deposits <1 salt of 
fee other typo, PtN%(80 a )$,H a 0, In the form of a yellow powder, which f# sparingly 
soluble to water. The potassium call analogous to the first salt, PtK s (HO s K} 4l iiI 3 Ch Is 
precipitated by passing sulphurous anhydride inte a solution of putemmim auljhite In 
which platinous oxide is fnMpandtkl. A similar salt Is known for ammonium, and with 
hydroohlork acid It gives a sait of tl*c second kind, Tfc(NII 4 ) 3 (l'UJ a ,)|,ll i O, If nmmmiku 
cfcdoridc of platinum Im added to an aqueous solution of sulphurous anhydride, it ia first 
deuridiasd, and chlorine is evolved, forming & mil of the tyjie 1%)L 11 a double thwmn\m* 
ritloa fesn takes place wife fee ammonium sulphite, and a salt of fee ootaf«wMtimi 
Pt(NH*)|j(Xs(80sH) I# formed (in a desiccator). The acid character of this •ulittocw I# 
«spW»id If fei imi> feals It ooRtaimi the sSoBMnte BOsH-hm^ phssyli wife the hfte«§?ti» 
ttikflt dfegAccdl If» motel, On saturating ft solution of fete mlA with pofeMtsun 
u**bo*nte It gives crystals of ft potearinm salt of the mmpml%km 

Pt(NHfe|€^(®C^^* Here H It tvidtat fert «& oquivslont of feliwla# In FtfHlitbCti It 
wplaced by fee univateat residua of #«lphuioui a^d. Among feoan salts, that of 4Ha 
composition Is vary readily formed* and crystal li»«s in w«U» 

formed oolourlcsa orystels; it S» obtelnwl by dissolving anmionium platimiw»«hion*l«i, 
in an aqueous solution of sulphurotis acid. The difficulty with which nut* 
pWwros mahydridc and platinnm arc scjiarahHl from tlicse salts indiraton tliu same bask 
feo«© omnpound* m Is mmi in Um» double ayaukks of platinum* l» fete 
into a <:<Hiq.h-K cidt, fee matel platinmn m d tliw group &0§ moMtf fete 
wife fern of EtX f or ftOuXsh |wit at fee telorin# la tlw aslto E€IO, 


axnm<ftiiaoal salts.; consequently, the ammoniacal compounds produced 
from PfcX a will be salts in which X will be replaceable by various 
other haloids, jqsi as the metal is replaced in the cyanogen salts ; such 
is the nature of the platino-ammonium compounds, P$X a forms com¬ 
pounds with 23SfH a and with 4NII 3 , and so also PtX 4 gives (not 
directly from PtX 4 and ammonia, but from the compounds of PtX a by 
the action of chlorine, &c.) similar compounds with 2NH a and with 

4N1V 2 

(F) No less chantctertotio arc thej ptatimmitrUm formed by plattoou* oxide, They 
correspond with nitrous acid, what© salts, ENO*, contain the univalent radicle, NO # , 
which to capable of replacing chlorine, and therefore the jpdts of this kind should form * 
common typo PfcEaCNOg)*, and such a salt of potassium has actually been obtained by 
mixing a solution of potet rium platfoosoohloride with a solution of potassium nitrite, 
whim the liquid become# oolourteti, especially if it bo heated, which indicate® tho change 
in tho chemical distribution of tho elements. As the liquid decolorises it gradually 
deposits sparingly soluble, colourless prising of tho potassium salt K a Pt(NO y ) 4) which 
does not contain any water. With silver nitrate ft solution of this salt given a precipitate 
©f silver phitiunuitrito, PtAg y (NOy) 4 . Tho silver of thin salt tntiy Im replaced by other 
xnatahi by means of double decomposition with metallic chlorides. Tho iqmringly soluble 
barium salt, when treated with an equivalent quantity of sulphuric arid, give® a soluble 
©rid, which separate*, under tho receive* of an air-pump, In rod crystal*! i this arid has 
tho composition PtHg{NO a ) 4 . To tho potassium salt, H^PtfNOah, thane correspond 
(Vtaos, 1893) K»|Tt(NOa) 4 Br ! j and K a Pt(N0 a )i01 a and other compounds of the sametyps 
K^’tXn, where X is partly replaced by €1 or Br and partly by (NO a ), showing a 
transition towards the typo of tho double salts like the platino-ammoniacal salts. {Tho 
oomwponding double sodium nitrite salt of cobalt to aolublo in water, while ho K,NH 4 
and many other salts aro insoluble in water, os X was Informed by Prof. K. Winkler 
in IBM}. 

In all tlm preceding complex compound® of Pi wo eoo a common typo PtX a / 2 MX 
(Le. of double ittdts corresponding to PiG) or PtMgX* « Pt(MX,i)a, corresponding to 
XH(l£0)t with tho replacement of O by its equivalent X a . Two other facts must also be 
noted. In tho first place those Xto generally correspond to elements (like chlorine) or 
group* (Ilk® ON, NO*, B0» &c.), which arc capable of further combination* ha the 
«#*»Rd place ill the compounds of the typo PtMgX* ere capable of mmUeMg with 
ebloriao or similar dements, wad thus peering Into compounds of too typos Pt3* or BCS 4 . 

11 Th§ pUtiaott nalt mi mmmiA, when enee combined together, mm so longer 
subject to tholr «Nlta«y reactions but form compounds which mo oom^mtlvriy v«y 
stable. The question at once suggests itself to all who srt acquainted with these phono* 
mens, as to what Is tho relation of the .elements contained in theeocompounds Tho first 
explanation In that those compounds are salts of ammonium in which to© hydrogen Is 
partially replaced by platinum. Tills in tho view, with certain shades of difference, held 
fey many respecting the plfttino-ammonium compounds*. They wore regarded in this 
tight by GerhanU, Bohlff, Kolbc, Wolteten, and many others. If wo suppose tho hydro¬ 
gen In SNXI 4 X to bo replaced by bivalent platinum (as in the salts PtXg}, we shall 

obtain that 1% to© compound PtXa,SNB§. The compound with 4N)3* 

then fee represented by a durthoc wufesiltet^ of toe hyffi»§®a to $mm®* 

nlTOitodf-4#.n8N^(N30^)^t «r A medtoeaiten of toil view to found 

to that representation of compounds of this Mnd which to bused on atomicity. «A» 
platinum In FtX a it bivalent, hat two affinities, and ammdnto , NH«, to also bivalent, 
because nitrogen it quinquivalent and to here only combined with 30^ it to evident what 
bonds should be represented in PtX^tNBs end to FtX*,4NB®. ( In the former, Pt(NX%CI)t* 



platinum, and by tho fifth with chlorine. Tho other compound It PtfNTIj*NUjClthat 
is, tho N is united by one affinity with the other N, whilst tho remaining bonds nr© the 
game m in the first tall. It it§ evident that tills union or chain o! nmmmmw him no 
obvious limit, and tho mo«t essential fault of such a mode of representation i« that it doe* 
not indicate at ill what number of ammonia® are capable of being retained by platinum. 
Moreover, it it hardly possible to admit tho bond between nitrogen and platinum in inch 
stable compounds, for those kinds of affinities tyro, at all events, feeble, and cannot lead 
to stability, but would* rather indicate explosive and easfiy-deoomjioAoil compounds. 
Moreover, it in not dear why this platinum, which fa capable of glting VlK^ does not act 
with ito remaining affinities when tho addition of ammonia to PtX*, tak©a place. These, 
and certain other coiinidoratiomi which indicate tho imperfect ton of tit ia representation of 
tho atructuro of tho platino-ommonium sal to, cmuio many * hemtots to incline m<u© to tho 
representations of Boradius, Ckust, Gibbs, and others, who impion© that N!!** to able to 
combine with substances, to adjoin itself or pair Itowlf with them (thin hind of combination 
it called * Baorung *) wiUwut altering the fundamental capacity of a suhittancti for fmthor 
combinations. Thu»» In the ammonia ii the associate of PiX-* mi lg 

expressed by the formula NgBtiPfcXt, Without eokurglng m the exposition of the detail* 
of this doe trine, we will only mention that it, like A# first, doe* not render It possible to 
foresee a limit to the compounds wish ammonia ; It Isolates com pound* of this kind 
into a apodal and artifioial class; does not rfmw the connection between compounds of 
this and of other kinds, and thorofnrn It esrmut hilly only ttxprmn«>a the fact of the coni* 
bination with ammonia and tho modification In its ordinary r*«n tiona. For then© 
reasons we do not hold to either of those proposed reprosimtattoiM of the anuumdo- 
platinum compounds, but regard them from tlui point of view cited stove with rofcrmico 
to double nit* mud water of orystidlisatiou—tliat is, we embrace all these compounds 
under the veproeentatioa of compounds of complex types. The typo of the e©m pound 
is far more probably tho same as that ot PiXfjSZ—in. as l l tX 4 , or, still more 
•accurately and Indy, It is a compound of the same type an BtX*il£X or PtX*ftl!-A &«?. 
Although the platinum first entered into BtK t X 4 as the type PtX fl y*41fci clwirjititet has 
changed In the same manner as the character of sulphur changiai when from BOj the com. 
pound SO.j{OH)«j ii obtained,or when EC 1 D 4 , thohigtor form, in obtained from KC 1 . For m 
a# y«t there is no question iw to what afilnithm lml»l X 3 and what holduNH 3 , bernutto this 
is a question which arisen from tho supposition of the extotoneemf different ufiiuiti<-a in the 
atoms, which there is no reason for taking mi a common phenomenon. It » ••coot to me 
teat it in mont important as « tammrnerm(>nt to r» inter clear the nmth <gv In tin formation 
of various complex compounds, and it to thin analogy of the amm»«nU c*»mpunmfa with 
those of water of crystallisation and double Halts that forma the main object of fit# 
primary gcnoraheatloa. W© recognise in platinum, at all ©vent*, not only Uw four 
att&ities expressed in tho compound BtCli, but a much larger number of them, if only 
ffc# tummoMon ofajfin*tks is actually possible* Thus, to sulphur wo meogaise not two 
WtiitiApite awafeev of affinities; it is clear that at least sis aJAaltte* ean aot. 
fio also among the tumlogneatif plaftbmm i mnm anhydride, 0n0 4l Mi(CO} 4 , f III A». ** 
indicate tho existence of at least eight affinities; Whilst, to chlorine, judging from the 
compound KCIO 4 m ClOj(OE) m dXf, wo mutt rooogniso at least mmm affinitlmi, 
instead of the on# which it accepted. Tim latter mod© of calculating aftlmi to* in » tribute 
to that period of the development of science when only tho lumpbott hv»b «^rn<mpi<imds 
wer® considered, and when all complex eompnuiubj were cnt»i‘» ly m^'ba'tt d |th«*| wi?r« 
placed under the cl ms of molecular campon ml«). Tl»n in sn^iiftkiknt for tho present 
State of knowledge, because w© find that, in cximplox compounds as In tiw most tho 

or aodfi of equilibrium art rspoated, and 4k# «tuur*et«r of swriate 
■■*0**Q*u fif‘-!‘dly umdilied to th© pawp f»® the noil ihn^b into mn oompkat 


PtClf^ITHa, insoluble in water and hydrochloric acid. But, judging 

by its reactions, this salt has twice this formula. Thus, Gros {1837), 
on boiling Magnus’s salt with nitric acid, observed that half the chlorine 
was replaced by the residue of nitric acid and half the platinum mm 
disengaged: 2PtCl a (3STH 3 ) 2 + 2HNO,« PtCl,(NO s ) g (NH 8 ) 4 + 2PtCl f . 
The 0ros*s salt thus obtained, PtCl a (NO a ) a 4NII 3 (if Magnus^ »lt 


Judging from tlm moot complex platiutvammoMum compounds PtOb^NH^, wo 
should admit, tho possibility of tho formation of compounds of tho type IHX4Y4, where 
Y* ® f X 9 « 4NH 3 ; and thin show® that those forces which form uuoh & characteristic 
fallen of double platmocyanides I'tK s (CN)4,8H 3 0^ probably also determine the fmmsMmx 
of the higher ammonia derivatives, as is ®§#n on comparing-- 

jptCt* NH* Cl a 8 NH» 

IKOllli KON KCN OIIjO. 


Moreover, it is obviously much mom natural to ascribe the faculty for combination 
with «Y to tho whole of tho acting elements—that la; to PiX* or PfeX 4 , and not id 
platinum alone. Naturally such comjkmndis are not produced with any Y. With 
ccrtum X'd t Imre only combine certain Y'». The best known and moat frequently-, 
formed compounds of tlmi kind are those with watur—that in, compounds with water of 
crystallisation. Comitounrig with salts are double salts; also w© know that sbmjar 
compound* or© also frequently formed by moan® of ammonia. Salt* of mine, ZsXf, 
copper, PuXg, silver, AgX, and many ©thaw give sb&Uar compounds, but then© and many 
other ammmia^mtaUio saline compounds are unstable, and readily part with their 
combined ammonia, and it is only In the elements of the platinum 'group and in tho 
group of the analogues of iron, that we observe the faculty to form stable ammonio* 
tmdallic compound!!. It must bo remembered that the metals of the platinum and iron 
groups are able to form several high grades of oxidation which have an add character, 
end oourtoquonily in the lower degrees of combination there yet remain affinities eajmbl© 
of retaining other elements, and they probably retain ammonia, and hold it the more 
stably, because nil tho projmrtkn of the platinum compomula are rather acid than bail© 
—that is, I l tX* recalls rather HX or BnJ£#% or CX« than XX, CaXg, BaXg, and 
ammonia naturally win t$.Qm oaftiblnA with ah add than wl4 a basts substance. 
Further, a dependence, m certain momeUm of tkf form* of ©addiAloa wttk thi ammonlf 

compound*, kmn m Ur- bdlo\ein|.-coeqHjunda: 


PdOi St tNH»H/> 

BhOb'flffXfc 

IrCtt* 0 NHg 


tdCMNH&S^O 

PtCMOTi 

nua^mntm^y 

OfOb^N^SHflO 


Wo know that platinum and palladium gtv« compound! of lower type® than Iridium 

and rhodium, whilst ruthenium and osmium give the highest forma of oxidation; thi* 
shown itself in this case also. We have purposely cited the same compounds with 4NB$ 
for.osmiuw and ruthenium m we have for platinum and palladium, and it is then mm 
that Bq and 0» are ©ajwibl© of retaining HII 53 O and 8 H s O, besides CI 3 and Mil* which 

of platybnun and palladium are unable to do* Tho mxm idom 
in Ni 

to tho : phitinia eottpwrais or ajmmmia 


Wi 


Iridium and rhodium, which awtl? give compounds of tho type BX* gbre oompounda 

JCkuitt) of the tyj>e XrX^fiNH* of a tom odour, and BhX*0MB* of a yellow colour, 
idffensen, in his r®t«uf©bt# on them) impounds, showed their ouMm analogy with the 












belongs to the type PtX 3 , then Gros’s salt belongs to the type PtX 4 ), is 
soluble in water, and the elements of nitric acid, but not the chlorine* 
contained in it are capable of easily submitting themselves to double 
saline decomposition, Thus ‘silver nitrate does not enter into double 

decomposition with the chlorine of Gres’® salt. Most instructive was 
the circumstance that Gros, by acting on hi® salt with hydrochloric 
acid, succeeded in substituting the residue of nitric acid in it by 
chlorine, and the chlorine thus introduced, easily reacted with silver 
nitrate. Thus it appeared that Ores’® salt contained two varieties of 
chlorine—one which reacts readily, and the other which reacts with ‘ 
difficulty. The composition of Oros’s first salt is PtCl|(NII 3 ) 4 (NO i ) a ; 
it may be converted into PtCl^NIIjJ^SOi), and in general into 
PtCl a (NII,)*X*» 

The salt of Magnus when boiled with a solution of ammonia gives 
the salt (of Reiset’s first base) PtCl^NH*)*, and this, when treated 
with bromine forms the salt PtdgBr^ll!)*, which has the same 
composition and reactions m Gres's salt. To Kduwfc’t salts there 
corresponds a soluble, colourless, crystalline hydnmdt\ Pt{(>II)^(NH a ) 4 , 
having tho properties of a powerful and very merge tie Midi ; it 
attracts carbonic anhydride from tho atmosphere, precipitates metallic 
salts like potash, saturates active acids, even sulphuric, forming 
odtourless (with nitric, carbonic, and hydroehlorio ncitla), or yellow 
(with sulphuric acid), salts of the type PtX^NHj )*,* 1 The mm- 


** 8ub§«pi»%, & whole eeries of such compounds ww bbtfcinwl with virion* 
ekmont* in tho place of tho (mn-mmting) olilnrimi, and Umy, fik«» the 

chlorine, reacted with difficulty, whilst tho %mmmd portion of tho X*?» inti<«luct»l into 
such salts wwiiy underwent reaction. This formed tho moat important roaaou tor tli»i 
intoroMb which tho study of tho composition nml structtm> of tho pliitiiPHininiftiiiitiii 
Halts nuhiiofpH'Utly presented to many dx-mustu, imeh m itaiuot, llloiuhlraud, t'oyr*»io% 
BaolTslci, Oorhordb, fturktnn, Ckve, Tfiomj.cn, .lurxoimen, Kounmkoflf, Wrn«»r, end 
others. Th© salts l'lXt/iNlf*, (Uncovered fiy Oorhardt, also oxtnfiitwil UifTrrout 

properties In tho two pair® of X’». In tho remaining pUtuuhfumuuunuii §«Jte all tho 
2C*i appear to react alikif, 

Tho tjwdifcy of th* X’e, wtafoahl* la the pUtino*am*noniunt salt*, may he eonelAorafity 
moftiM, «&& they may frequently ho wholly or puitWlf reptowt by hydroxyl. For 

ettmpt** thi ^tfeft of ammonia m tho nitrate of Unrhaidt'* tewm, PtCM<,%) 4# iKII|» In a 

boiUag sotstiotti gradually prodsooe ft yellow crystalline which l« nothin# 

#1®© than a b«le %4r«f# ot Pb(OH)i,SKH^ It I# sparingly setabto In water, 1ml 
gives directly soluble mite PbX^ftBltf with arid®. Tim stability of this liydr*>*id«> *§ 
such that potash doe® not expel ammonia from it, even on boiling, and it •!»»».» n 4 »hango 
below 180*'. Similar projKirfcioa urn shown fiy tho hydr«*i<I» t*t(( UBj/jNlt, mol Urn 
CXid© PtO,SNI% of Koiwit's second fiiuitt. But. tho hydroxide* of tfio roiiif .ujj»fii c«ii» 
Inlplng 4NH$ are particularly remarkablo. Tb« proi««c« of Mismoitsst, mmdmrn them 
idnUe sad enerptio. The brevity of this work do©# not poniub us, however, In 
mmihn many Interesting particulars In connection with this eufijech 

** JRriMolli known: «n«asdiM with Grot** Mile, which ootiUln one h vdrox vl 


parative stability (for instance, compared with AgOl and NH 3 ) of 
such compounds, and the existence of many other oomponnds analogous 

and then© hydroxide® do not at onoe show th© -properties ol alkalis, just as the ©Morin# 

whioh stands to the same place does not react distinctly; bat still, alter the prolonged 
action of adds, this hydroxyl group is also replaced by acidu. Thus, for example, the action 
of nitric acid on Pt(NO«i)aC51 a ,dN H a causon tho non-activo chlorine to react, bat in the 
product all tho chlorine in notrepl&oed by NOj, bufconly half, and the other half ia replaced 
by the hydr<>xy! group: Pt(N< > a )./n ? ,4NHj + HNO s + H a O « i»t(NO t 0.#>H),4NH 5 + iiHOl; 
and this is particularly charaoieriiitio, because here th© hydroxyl group has not reacted 
with tho acid—an evident sign* of tho non-alkaline character ol this residue. 1 think il 
may he well to call attention to the fact that the composition of tho. ommonio-mctello- 
salts very often exhibits a <^rresponden©e between the amount of X*fl and the amount 
of NH 5 , of such a nature that w© find they contain either XNH 3 or the grouping 
XiNHuJ for example, Pt(XNS») s and Bt{XtNH s ) 8f Co(X$EH^ Pt(XHII s ) 4l ft* 
Judging from tide, the view of the constitution of the double cyanides of platinum 
given in Note, 11 finds some confirmation here, but, in my opinion, all questions 
reiqtooting the composition (and structures) of the ammoniacal, double, complex, and 
crystallisation compounds stand oonnccted with the solution of qucstionn respecting tho 
formation of compounds of various degrees of stability, among whioh a theory of 
eolutinuii must 110 included, and therefore l think that the time has sot yet come for a 
complete generalisation of the date which exist for these compounds; and hero X again 
refer the reader to Prof. KournakofFu work cited to Chapter XXIX., Note $$. However, 
w© may add a few individual remarks concerning tec plattola compounds. 

To.the common properties of the pkttoo-ammonium salts, wo must add not only their 
liability (feeble acids and alkalis do not decompose them, tho ammonia is not evolved 
by heating, &<\), but also tins fact that the ordinary reactions of platinum are concealed 
In them to eu great, ah extent an those of iron in the ferrioyanidos. Thun neither alkalis 
nor hydrogen sulphide will separate tho platinum from them. For example, sulphuretted 
hydrogen In acting on Ornate salts gives sulphur, removes half the chlorine by' means of 
its hydrogen, and terms ealte of Iteiaotte Unit base, Thin may be understood pt explained 
by omwidtirlng the platinum in the molecule aw covered, walled up by tho Amnionto, Or 
situated in the centre of the molecule, and therefor© inaccessible to reagents. On this 
assumption, however, wo should expect to find clearly-expressed ammoniacal properties, 
and te» It not the cose. Thus ammonia is easily decomposed by ©hlortoe, whilst to 
seting on the pktiao-ommoalum suite containing PtX* and fiNHg or 4NHf* chlorte© 
«©mblw» sad does not destroy the ammonia \ It convert* 3W«»t # t salts tote those ©I 
<Jrc» end Otibaidt Thus from PtX§,tNTHg tbue Is formed Ft^Cl^tNHj, end town 
FtXg,4NHg the salt of Qtm*§ boss IHXiOlft^NHf. This shows that the amount of 
chlorine which combines is not dependent on the amount of ammonia present, but Is due 
to the basic properties of platinum. Owing to this some chemists suppose the ammonia 
to bn inactive or passive* in certain compounds. It appeals to me that these relations, 
thc»»« modifications, in the muml properties of ammonia and platinum are explained 
directly by their mutual combination. Bulphur, in sulphurous anhydride, BO a , arid 
hydrogeti sulphide, HH 3 , is naturally one and tit© same, but if we.only knew of it in the 
form of hydrogen sulphide, then, having obtained it in the form of sulphurous anhjrdridc, 
wo should consider its properties m Idddtm. The oxygen to magnesia, MgO, and to 
tdtrio pevoaide, NO*, Is $p dlfftreiiit teat there is no resemblance. Amah ao longer 
reacts to Its compounds wife hydrogen m it reacts to its compounds with «U©*fe#> and 
to their compounds with nitrogen ah netels modify tote teter »oeti«*« and thtef physical 
proj^rties. We arc accustomed to judge the motels by teetr ealine compounds with 
haloid groups, and ammonia by its compounds with acid substances, and her©, in the 
platimM'mnptHindu, if wo assume the platinum to be booed to the entire mans of the 
Ammonia—to its hydrogen and nitrogen—we shall understand that both tho platinum 



to thorn, endows them with a particular chemical interest. Thug 

K ournakofF (1880) obtained & series of corresponding compounds coutain- 

tfon of too chlorine (and other haloid simple and complex groups) in {Iron** nalta act* tn 
a different maimer from tho other portion, and why only half of it arts m the usual way, 
But this also is not an oxolusive case. Th© chlorine In potaMnium rhfornto nr in carbon 
tetrachloride does not react with the same ease with metal* as tlm chlorine in the nalts 
corresponding with hydrochloric add. In this ease It in united to oxygim and ciubon, 
whilst In the plati&o-smmonium compounds it l» united partly to platinum and partly to 
the ptatino*Mi«aonltan group. Many chemists, moreover, supixm that a part t»f the 
oKhrino i« united directly to the platinum and to© other part to the nitrogen of tho 
ammonia, and thus explain the difference of the reaction* j hut chforme united to 
platinum reacts as well with a silver wit as the chlorine of ammonium ehfond©, NIliC-1, 
or nitronyl chloride, NOC’l, although there i» no doubt that In thin there is a 
union between tlm chlorine and nitrogen, limm It in nmeiastry to explain tho absence 
of ft faoilo reactive capacity in ft |K>rttoa of tlm chlmiuo by tlm ©unjoin! itilSiwiwii 
of tho platinum and ammoula on it, whilst tho other portion may bo admitted ua 
Mug under the iuflmmcu of lint platinum only, and therefor© m reacting m in otlrnr 
fait®. By admitting a certain kind of stable union in toe plaMiunamuinnitim grouping, 
It l» possible to Imagtos that tot ehlovtae dots net reset with It* customary facility, 
k»w ao©4»t§ to ft portoi of tto atoum of ehloriiw In tbit eomptat grouping is difttetilt, 
aad ilia ddodne union is not the same as w#i usually moot In Hit sidlm* compounds #1 
chforine. Timm art tit® grounds on which wo, in refuting th© now accepted ftxplafuilfons 
of the reactionij and formation of too plaUiu)‘©ompoutidii, pronoun©© the Mowing opinion 
m to their structure* 

In ©harae terming the pUtiiuv ammonium cnmimumb*, it U mxt'mmy to t*mr in mmd 
that compounds which already contain PtX 4 d>* n»»t o-mbma directly with Nlfj.niul that 
such compounds m PtX^iNH* only proceed from BtXy, and therefore It is natural to 
oondude that the*® affiftliten i*i fore©* which cause i*tXf to combine with also eatini 
ft to oombtas with SMS*. Aad hating the compound BtX^NIk, and supposing that in 
subsequently oomblatag with Ok It meet# with thou© affimta which produm tli« rnm. 
pound* of platfota chlorid% I-tCk, with water, poteMimu ohforid#, poUsaium cyanide, 
hydrochloric add, sad the like, we explain not only thu fact of cmidunatu.ii, tail uls© 
many of the motions occurring In thn transition of one kind of platen*, amm .mum tails 
into another. Thus by this means wii explain the feet that (1) I'tXj/iNlI,* emubtnes 
with &NH3, forming ttalU of Iteiiwt’ii first lucm; [A} and the fart that tlun compound 
♦(represented m follows for distinctness), whmi hentiHi* or even when 

Mlod in nolntinn, again pmnnm into rtXj.tiN 11^ (which re»ieinbl$’ii tlm «may 
incut of water «! cryntidli»i.timi, du.); (U) the fact that I’tX^'JlNtCs ia capwbln ,»f ab»<<rbmg, 
under to© iictioa «f to# sam# forc«», 11 iiinlwiile of ehtumm, FtX|,§Nl! A( C.!l 3l which it 
then retains with #n#rgy,hecaus# it is attracted, not mdy by the platinum, but afen by tlm 
hydr^tn of the ( 4 ) the fuel that tin* chlorine held in this comiwmml l«*f 

tahwrdt) will bsm a posittea unusual in «dts, which will eipl&fn « (although 

Aflkwdty of ntnotait (I) toe foot that tois tae not exhaust H*» 
ftal^ of pMawt tar f«tar oontofauttion (we utti imty nMefi toe eoatpowul 

nokmtmmHn^ toftt mmh-m both nmt m% illtt 

ospfthlo of -eo^Mwtto», toe IsMer, with chlorine, gift* 9 tX« l gNlf«,tNff»,Ct ll 

%fter to© type a! BH4Y4 (and perhaps higher) j (i) the fact that Qtm*» t»ni|i«iiiii4l@ 

thus formod are readily r#»oonv#rtod into to# salts of HelsniHa flr»t btw when acted on 
hy mlu<;ing agents; (?) tlm fact that in Orus'a saltu, I'tX^UNIIdNlh.X),, tb«^ nowly. 
attached chlorine or haloid will react with dilhuulty with iMilta of nilvcr, Ac., bucAtiae it 1# 
(ditched both to too platinum ami to tlm ammonia, for buttod which itlianaii uttrmitkm; 

^ the fact that the faculty for further combinatfon 11 nut even y«t exhausted in the 
. el lidtei ead that w# actually have a compound of Oroa*s chlorine salt with 
ptoMMI platiufo chloride; lire salt BWO+^NIf^iMII^Ci, com. 


ing thiocarbamide, CSN a H 4 , in the place of ammonia, PfcQ 2 ,4CSN a IT 4 , 
anti others corresponding with Reisers salts. Hydroxylaraine, and 
other substance® corresponding with ammonia, also give similar coin- 
pounds. The common properties and composition of such compounds 

show their entire analogy to the cobaltia compounds (especially for 
ruthenium and iridium) and correspond to the fact that both the 
platinum motels and cobalt occur in the same, eighth, group. 

molecules in naturally mom developed in Urn lower forum of combination than in the 
higher. Honro tho Halts of Itooiot'H first baa®-—for example, both 

iComhhm with water and give precipitates (aolubl® in water hut not in hydrochloric acid) 
of double telt@ with many Halts of the heavy metals—for example, with lead chloride, 
cupric chloride, and aho with platinio and platinoid chloride® (Buckton’a salts). Th© 
latter compounds will ha?© the composition PtCl^SNH g ,2NHg,Pt€lr~tlmfc w, the same 
composition fti th® salt® of BoiHet'i second bate, but it cannot b® identical with it. 
Such an interesting case docs actually exist. Tho first tialt, IHCl 4 ,4NH3,BtCb 4 , ia green, 
insoluble in water and in hydro<diloric acid, and in known as Maynua's $alt t and tho 
second, PtCl^/iNHj, ift lluiHct’ii yellow, sparingly soluble (in water). They arc polymeric, 
namely, tho find, contain® twi<*o the number of element® held in tho Meeond, and at tho 
same time they easily pan® into each other. If ammonia ho added to a hot hydrochloric 
acid solution of piatinouts chloride, it forum the Halt PtCl a ,4NHs, but in the prommeo of 
an exons® of platiuous chloride it gives Magnus's salt. On l>oiling the latter in ammonia it 
gives a colourless soluble salt of Itei»ct , g first base, PtCla,4NH<j,and if this be boiled with 
water, ammonia in disengaged, and a salt of HMwit's second base, PtOl^SNHji, is obtained. 

A class of phitino-ammonium isomcridca (obtained by Millon and Thomsen) arc also 
known. lturkton’H nails- for of am|de, th© copper Balt—were obtained by them from tho 
©alt® of "Hemet's first bane, VU H 3 , by treatment with % solution of cupric chloride, 
A*©., and therefore, according to our method of expression, Buckton'it copper salt will bis 
IM.tTj,4NfIte,<hiCl i . Thin Halt in soluble in water, but not in hydrochloric arid. In it 
the ammonia must be considered an unihsl to the platinum. But if cupric chloride bo 
d involved in ammonia, and a solution of platinums chloride in ammonium chloride is 
added to it, a violet precipitate is obtained- of th® same competition m Buck ton's 
#alfc, which, however, h insoluble in water, but soluble in hydrochloric acid. In this a 
portion, if not all, of the ammonia must l>® regarded ss^ united to th® oopp®r,aad it must 
therefor® be represented as CttCl tl 4NH3,PtCla. This j(arra is Identical In composition 
but different In proportion (Is isomeric) with th® preceding salt (Buckton’s). The salt of 
Magnus is Intermediate between them, PtCl^lNH^PtGl,*; it it insoluble in water , and 
hydrochloric acid, Th®§®' and certain other instances of isomeric compound® in the 
series of the platinc-ammonium salts throw a light on th® nature of th® compounds in 
question, just as the study of tho isomcridcs of the carbon compounds has nerved and* 
iitill nerves as tho child cans© of the rapid progress of organic chemistry. In conclusion, 
w»* may add that (according to tho law of substitution) wo mnnt neoeimrily expect all 
kinds of intermediate compounds between the platino and analogous ammonia deriva¬ 
tives on tlm one hand, and tho complex compounds of nitrous acid on tho other, 
Perhaps the instance of the reaction of ammonia upon muni© anhydride, O»0 4 , observed 
by Fritach®, Frfoiy, and others, and more fully studied by July (IBM), belongs to this 
class. Tli« latter showed that when ammonia acts upon an alkalin® solution of 0s0 4 
th® reaction proceed# according to th® equation: O» 0 4 + KHO + NHs * OsNKOs+fiHaO. 
It might b® imagteid that in this cas® th# ammonia I® oxidised, probably forming tho 
residue of nitrous add (NO), white-th® type 0s0 4 I® d®okidit©a bate OsO», and a salt, 
OaO(No)(K<>), of the typ® O&X 4 *» termed. This mil crystallises well In light yellow 
octahedra. It corrosponds to otmiamic add, OsO(ON)(HO), whose anhydride, 
fOgO(NO)3-i, has tho composition 0®aN s 0 3 » which equals 20s+N 9 O 5 to th© same extent 

.... At.* .,1,...TDtCVY. Amiwla Pt. J. (mmm TH 



CHAPTER XXIV 

COPPER, SILVER, AND OOLD 

^ i? ' r ‘’ r ^\ a * an{ d<>gy wh! difference which exists between iron, 

1 ' J ’ IUi ^ ^ n 1 M?a ^ itself in tho corresponding triad ruthenium, 

^ nh ^ pnllmlium, and also in tho heavy platinum metals, 

indium, and plntiimm, Those nine metals form Group VIIL 
ii tiir idrinoiiin in tho jieriodic system, being tho intermediate group 
,h1 XHtn ^ <wn of the large periods and the uneven, among 

wJufJi %rt< Iiimw situs cadmium, and mercury in Group II. Copper, 
itlwi, gold complete 1 this transition, because their properties 
*h«‘m in proximity to nickel, palladium, and platinum on the one? 
h 4 ]h|» iihd t«* ;mt*, rmlmium, and mercury on the other. Just as 2n, 
4'>l t 141,4 ||,t ; 14% Uu, and Os; Co, Rh, and Ir; Ni, Pd, and Pt, 
rr«i-iiil»1i‘ uurli other in many respects, so also do Cu, Ag, and Au. 
Thu*, for imiiiiiplo, tho'atomic weight of copper Cu = 63, and in all its 
l*r*»l*’rt$m it ntarnli between Ni as 59 and Zn == 65. But as the tran- 
m\mi fnomOrmtp VIXL bo Group II, where zinc is situated, cannot be 
flip mi than through Croup L, so in copper there are certain pro 
rUiin-ntH of Croup L Thus it gives a suboxide, Cu 2 0, 
ao«I i-.ih , < ‘uX, lilt** iho elements of Group P, although at the same 
t s’i.« i! h riis .in oxide, CuO, and salts CuX 2 , like nickel and zinc. In 
1 1* ! o* «.f tit*' oxide, Cu( \ and tho salts, CuXo, copper is analogous to 

judging from tho insolubility of tho carbonates, phosphates, and 
fuitokf r-altii, and by the isomorphism, and other characters. 2 In the 
cuprouw iiiilu theft! in undoubtedly a great resemblance to the silver 


* flip mlqm position hold by eoppor, silver, and gold in the periodic system 

4, 1 Hi® mlrnmmU, mui %Im# dkjjNW of affinity which is found between them, is all the more 
lotiAtVM'U’. im* siftitir© and praotioo have long isolated these metals from all others by 
»m| l* *frs| th»*m~fur example, for ooinage—and determined their relative 
J*, ; Xm *. 4 . 14.1 % 4tif m conformity with the order (silver between copper and gold) of 


” . , *u\X A u <, n molecules of water, CuS0 4 ,5H 2 0, and the isomorphous 

I «.. i, * u t.,71M > contain either C or 7 equivalents, according to whether copper 

m tv«4. II \u n). H there be a largo proportion of copper, and if the 

MftilttnMvulM* bit A the form of tho iiomorphou® mixture (trielinic) wiUbe isomorphous 
*itti mmk N)M CuSC) 4 ,aII s O, but if a large amount of anc_ (or magnesium, iron, 
niiiiisJ i it ©fAttii b# omant th® form (rhombic or moaoelmic)Vill be nearly the same 
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insolubility and capacity of combining with ammonia, &ncl in thi* «v*r** 
cuprous -chloride closely resembles it, for it is also in«olul»lo in wnt*’i 
and combines with ammonia and dissolves in it, &c. Its cotngKxtition i 
also RC1, tbe same as AgCl, NaCI, KOI , Ac., and silver in nmny »•<*« 
pounds resembles,'and is even isomorphous with, sodium, ho tlw* On 
again justifies their being brought together. Silver chimb?.*, nij-r-'is 
chloride, and sodium chloride crystallise in the refill ir jo «u m 
Besides which, the specifio heats of copper and silver require ileif tb ”3 
should have the atomic weights ascribed to them. To tint <>xid<’4 t ,» 
and Ag 2 0 there are corresponding sulphides Ag a 8 anil Cii a H. Ti»cj 
both -occur in nature in crystals of the rhombic ijiteni, and, what I 
most important, copper glance contains an isomorphotm mnforn «*i 
them both, and retains the form of copper glance' with vArp»m pm 
portions of copper and silver, and therefore hm the nunju*u?j..n no¬ 
where 11 Sss Cu, Ag. 

Notwithstanding the resemblance in the atomic tmnp*mium * f th«i 
buprouscompounds, CuX, and silver compounds, AgX, with tlm mm* 
.pounds of the alkali metals KX , NaX, there is a eoiiiltliiriibli* ilcgT®* 
of difference between these two series of elements. Tim dillWnj 
.clearly seen in the fact that th$ alkali motals belong to tb«w* * h-mtmu 
which combine with extreme facility with oxygen, < .•**» « %tr ft 

and form the most alkaline bases; whilst wlver and r««| 
oxidised with difficulty, form loss energetic oxicH mi?! ,h 3i ,.? h 
.pose water, even at a rather' high temperature. Mt»ren«T, ih* * .,j,!y 
displace hydrogen from very few acids. The diffonmeo <!.' 

is also seep in the dissimilarity of thd properties of many uf th„ 
corresponding oompounds. Thus cuprous oxide, 0u,O, and «ih*pr nxUln, 
AgjO, are insoluble in water: the cuprous and xtlvur 
chlorides, and sulphates are also sparingly soluble in w rt s„ r flt« 
oades of silver and copper are also easily mluml to »»«<us fy, 
cuffereiicem properties is in intimate relation with that diJb^m,, 
the density of the metals which exists in this nun, 'Hi,. .,|l.„i, 
belong to the lightest, and copper and silver to tl„. h™vi<„! j ,1 ’’' 
fore the distance between the molecules in these tu.uk L 
a^kr-Hrt is greater for tho former than the latter (ubl... in eLrZr 
XV.). From the point of view of tho periodic lw» thu iuw 
between repper and silver and such elemonU of OrL'f m ItZT 
Bad rofodwm, is dearly seen (ran the foot tbet oeyper at.! .,1 ' 

fiistai-:'v* ■ - - - 

of one or other of the salts bronchi in wnW _»i. » 1 a ^ * » s*j 


stand in the middle of those large periods (for example, K, <\ Sc, Tf, 

V, Cr, Mn, Fo, Co, Ni, Cu, Zn, Oa, Go, As, So, Br) which start with 
the true metals of the alkalis-—that is to say, the analogy and difference 
between potassium and copper arc of thd same nature as that botwoen 
chromium and selenium, or vanadium and arsenic. 

Copper is one of the few metals which have long boon known in a 
metallic fotm. The Greeks and Romans imported copper chiefly from 
the island of Cyprus—whence its Latin name, cuprum. It was known 
to the ancients before iron, and was used, especially when alloyed with 
other metals, for arms and domestic utensils. That copper was known 
to the ancients will bo understood from the fact that it occurs, although 
rarely, in a native date, and is easily extracted from its oilier natural 
compounds. Among the latter are the oxygen compounds of copper. 
When ignited with charcoal, they easily give up then oxygen to 
ft, and yield metallic copper j hydrogen also easily takes up the 
oxygon from copper oxide when heated. Copper occurs in a native 
Mate* sometimes in association with other ores, in many parts of the 
XTnils and in Sweden, and in considerable masses in America, ospb* 
cialiy in the neighbourhood of the great American lakes ; and also in 
Chili, Japan, and China. The oxygen compounds of copper are also of 
somewhat common occurrence in certain localities; in this resect 
certain deposits of the Urals arc especially famous. The geological 
period of the Urals (Permian) is characterised by a considerable dis¬ 
tribution of copper ores. Copper is met with in the form of cuprou$ 
omh, or mhoxkk of copper, Ou a O, and Is then known as red copper 
ore, because it forma red masses which not nniraqmmtly nm crystal li.^xl 
in the'regular tystem. It is found much more rarely in the .state of 
cupric oxide, CuO, and ia then called black ct>j*pcr ore. The inostf 
common of the erny gowned com]«*unds of copper are the bmlc awlmnatm 
corresponding with the oxides. That these eomjKumds are undoubtedly 
of aqueous origin, is apparent, not only from the fact that specimens 
arc frequently found of a gradual transition from the metallic, mb 
phurottedr oxidised copper into its various carbonates, but also from 
the pmmcf of water In their competition, and from the laminar, 
roniform structure which many of them present. In this respect wtofa. 
chiU Is particularly well known 5 It is used h* a green paint and also 
for ornaments, owing to the diversity of the shades of colour' presented 
by the different layers of dsjtonited malachite. The com]K>»ition of 
toiaoluto corresponds with the baric carlmimto containing one molecule 
ft! euppje <^bonatc to one of hydroxide : 'CuCO is Cull a O^ In this 
#r» tiki mmm frequently occurs in admixture with various mdb 
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of these compounds. There are many such, localities in the Perm and 
other Governments bounding the Urals. Blue carbonate of copper, or 
azurite , is also often met with in the same localities ; it contains the 
same ingredients as malachite, but in a different proportion, its com¬ 
position being CuH 2 0 2 ,2CuC0 3 . Both these substances may be ob 
tained artificially by the action of the alkali carbonates on solutions 
of cupric salts at various temperatures. These native carbonates are 




readily give metallic copper, evolving water and carbonic anhydride 
when ignited, and leaving the easily-reducible cupric oxide. Copper 
is, however, still more often met with in the form of the sulphides. 
The sulphides of copper generally occur in chemical combination 
with the sulphides of iron. 8 These copper-sulphur compounds (copper 
pyrites CuFeS 2 , variegated copper ore Cu 3 FeS 3 , &c.) generally occur in 
veins in a rock gangue. 

The extraction of copper from its oxide ores does not present any 
difficulty, because the copper, when ignited with charcoal and melted, 
is reduced from the impurities which accompany it. This mode of 
smelting copper ores is carried on in cupola- or cylindrical furnaces, 
fluxes forming a slag being added to the mixture of ore and charcoal. 

5 Iron pyrites, FeS 2 , very often contain a small quantity of copper sulphide (see 
Chapter XXII., Note 2. bis), and on burning the iron pyrites for sulphurous anhydride the 
copper oxide remains in the residue, from which the copper is often extracted with profit* 
For this purpose the whole of the sulphur is not burnt off horn the iron pyrites, but a 
portion is left behind in the ore, which is then slowly ignited (roasted) with access of air. 
Cupric sulphate is then formed, and is extracted by water; or what is better and more 
frequently done, the residue from the roasting of the pyrites is roasted with common 
salt, and the solution of cupric chloride obtained by lixiviating is precipitated with iron. 
A far greater amount of copper is obtained from other sulphuretted ores. Among these 
copper glance , CtuS, is more rarely met with. It has a metallic lustre, is grey, generally 
crystalline, and is obtained in admixture with organic matter; so that there is no doubt 
that its origin is due to the reducing action of the latter on solutions of cupric sulphate. 
Variegated copper ore, which crystallises in octahedra, not infrequently forms an 
admixture in copper glance; it has a metallic lustre, and is reddish-brown; it has a 
superficial play of colours, due to oxidation proceeding on its surface. Its composition is 
CujFeSj. But the most common and widely-distributed copper ore is copper pyrites, 
which crystallises in regular octahedra; it has a metallic lustre, a sp. gr. of 4*0, and 
yellow colour. Its composition is CuFeS 2 . It must- be remarked that the sulphurous 
ores of copper are oxidised in the presence, of water containing oxygen in solution, 
and form cupric sulphate, blue vitriol, which is easily soluble in water. If this water 
contains calcium carbonate, gypsum and cupric carbonate are formed-by double 
decomposition: CuS0 4 + CaC 05 = CuCO s +CaS(> 4 . Hence copper sulphide in the form 
of different ores must be considered as the primary product, and the many other copper 
ores as secondary products, formed by water. This is confirmed by the fact that at the 
present time the water extracted from many copper mines contains cupric sulphate in 
eolntibn. From this liuuM it is easv. to extract cunrio oxide bw the ac io f organic 


Th© smeltodi copper still contains sulphur, Iron, and other metallic 
impurities, from winch it m freed by fusion in reverberatory fumades, 
with tieemn of air to the surface of the molten metal, as the iron and 
sulphur nr© more easily oxidised than the copper. The iron then 
acp&riitca m oxides, which collect in th© alag. 4 

4 Copper am rtdk tft ©Htygea art mtf tbs ttdphur am am of mor© common, 
hat tte iktmMm of the wsppt team' Item is tawls, mm difficult. The 
problem hurt tet only ©oaiists la the rimovat of tte tulphiir, hat also fa th# remova) of 
th# hon ©ombfaed with tte sulphur and oopp«c» Ihii iif atiateid by a who!# mim of 
©peralkmii, after which‘tteHUtiU eoroeiimei wmmfan tte ©xtme^m of tte metallic nUwr 
Which gewmily 4cicM>mpanl#i th# copper, si though In tool small quantity. Them 
|TOe«ii<3ii commence with the roiM*tteg-~».e. calcination---©! tlwijw with at air, by 
which mean# the sulphur It* converted Into sulphurous anhydride. It should horn te 1 
■remarked that iron sulphite is mere easily oxidised than copper culphlte, and therefore 
llio greater |m*4 of tliii iron to die resldne from roasting is no fapgcr In the term of 
sulphide hut of oxide of iron. The roasted ore Is mixed with oteroo#!, and siliceous Awii*. 
and smelted to a otipol* furnace. The Iron thou passes tote th# slug, because Its oxide* 
givea m ©asily-fatlbte mass with the «&#», whilst the copper, a fa the form of @ulptode», 
fuses imd eotecte under %> slag. The greater .part of 4te km !• tempted* from, the 
mw» by this smelting. The a M«ato*tof man* m$Ud to again roasted to order to 
remove the greater part of the iulphur from the copper sulphide and to convert the 
tuetol Into oxide, after which th# mass fa agate smelted, JP him proceesea are repeated 
eevcral timon, acenrding to the rioteesa of the cm During these emdttogfl a i*ortioii of 
the ropjwr is already obtained In a metallic form, Iwmvm copper sulphide gives 
toetaltio copier with the oxide (CuB + HOuO « 8Cu \ 80a). Wo will not horn tewrite 
the foruMo* used or the details of tills prootfift, but the above remarks include tte ox. 
planatlou of those chemical processes which are accomplished fa the various tech* 
&icnl opuimtfa&s which are made use of to the process (for details t#n works on 
metallurgy). 

Beside# th# samel ting of copper there also exist methods ter it® extraction from 
solution# to jte wet way, at it to oallod. Iteootmie I« generally had to these methods for 
poor copper ore**. Tte ctpper Is brought into solution, jfrom which it is separated by 
moans <*f metallic iron or by otter methods (by tte action‘of an electric current). Th# 
sulphites nr© masted in such a manner that the greater part of the copper l« oxidised 
Into cupric sulphate, whilst at the namn lime the corntspoading torn salts sre feetor as 
j«s§snhto «liv«,insp»4KHl. This pro#©## la boned on the fact that tte copjMat sulphides absorb 
oxygen whoa they arc calcined In the presence of air, forming cupric sulphate. The 
waited ore is treated with water, to whteh add to aometimea added, and after lixivia* 
Um th# resultant solution containing copper to treated either with metallic Iron or with 
mitt of Item, which proetpUales cupric hydroxide from th# sofaUcm, Copper oxide 
©»§ pw in muted may be treated with dilute adds fa otter -to obtato th# #opp«r 
©xltenfa hw» th# to then m&f pmipttatad titter by faster 

ft» hydMsIte tor Mfai* Ae^tefBust mM DooglMfs matted, the ©ojijiir to Ite etf 
it mmmM by tetotoate 4 ato tte m&sk mrite, which It kxm$& fat# solution by 
th# action ©I a mlxtort at t $clvtkm pt tmem vutphate and eodlum cWorite; 
th# oxide converts tte imtmt chlorite fate tonic cxite, farming copper eUoridct, 
mllng to tlm uquatiem BCuO+ft^eCit« CuCl a +9CuCl+Fe tf Os* Tim cupric cldorite 
'"hk in water, whilst tho ctqwooe chlorite it dissolved in the nduilon of nod mm 
\sad iiumtam all tlm mp%mt p&mm Into eoluUon, from which it to precipitated 

'‘•‘ A ‘ll\»gi*te give ite f<dfawfag toot method far iximltfag tte 
““ especially fa aidphuroua wm i 0) Th© 0%8 to 
fa a «teft»ri (#) itb# OuO to axtmrted by tK# 

~ 1 > 4'%1 MStLcJk s b. a&> Mu it&ikt uk. tltM. s> *m.±, jt& ^ M — A# ^ 


OfoppBT Is characterised by its *rod colour, which distinguishes Ifc 
•from all other metals. Pure copper is soft, and may bo beaten cot by 
a hammor at the ordinary temperature, and when hot may bo rolled 
into very thin sheets. JBxtremely thin leaves of copper transmit a 
green light. The tenacity of copper is also qpn&idorable, and next’ to 
iron it is one of the most durable metals in this respect, Copper wire 
of 1 sq. millimetre in section only breaks under a weight of 4h kilograms. 
'The specific gravity of copper is 8*8, unless it contains cavities duo to the 
fact that molten copper absorbs oxygon from the air, which is disen* 
gaged on cooling^abd therefore gives a porous mass whose density Is 
much loss. Boiled copper, and also that which is deposited by the electric 
current, has a comparatively high density. Copper melts at a bright 
rod heat, about 1050°, although below the temperature at which many 
kinds of cast iron melt At a high temperature it is converted into 
vapour, which communicates a green colour to the flame. Both native 
copper 'and that cooled from a molten state crystallise In regular 
ectahedru. Copper Is not oxidieod in dry air at the ordinary tempera* 
turo, but when calcined it becomes coated with a layer of oxide, and it 
does not burn even at the highest temperature. Copper, when calcined 
in air, forms either the rod cuprous oxide or the black cupric oxide, 


while too Ag» Au awl oxides of iron remain IwhlnA in tlvo residue (from wliteh the noble 
ttiitak may bo oxtroetad); (ft) a portion of the cop^r in solution is converted into OuCIj 
(an<^CnS0 4 precipitated) by snoami of tho CoCl# obtained in the fifth proccMi; (4) the 
mixture of oolutionii of OnRO* and fudg lit converted into the msohiM© CuCl (wait of the 
ouboxldc) by the notion of the SO* obtained by rousting tho or© (In tho first oporaikta), 
sulphuric add hi them formed In the fKilutlon, According to the equation: CuB0 4 +CuCl§ 
I + SGjt+2llaO « fiH s 80*+ft0uCl; (8) the precipitated OaCl is treated with lim© and 
water, and gives OuOlg in solution and OuO in to# reside©; ae4 lastly (d) tho Cu*0 to 
redwood to mutaMo On by carbon in a famous. Acoctodfnf' to, Otbokek method the impair# 
copper fftgulujs obtained by xoaittag and smtltof ttw oka is broken up and iommm6 1 
xcpeatedly in molten lead, which txtawts to© Ag and An occurring la to# Mgtxlua. Th§ 
rcgeluf to then hfiated a 3rtv«rh«»toiy tetiac# to rrn off too lead, and i® then moulted: 
for Cu. 

Tho copier brought into too market often contains ©mail quantities of various Impart- 
ties, Among these there arc generally present iron, load, silvdr, arsenic, and fwmetets 
small quantities of oxidon of copper. An copper, when mixed with^a ®aall amount of 
foreign imbalance®, Iobcu iin tenacity to u, certain degree, tho manufacture of very thin 
todet copper requires tho uuo of Chill copper, which in dietingnitood for its great soitnoss, 
and therefore when it is desired to have pure copper, it is boat to toko thin shoot copjwsir* 
like that which 1® used in tho manufacture of cartridges. But the purest copper is electro* 
•lyfcfo oop^«~-that 1% ihdi which Is deposited from a solution by tho action of on 
islteWto current, 

If the copper ©emtalaft tOrtir» m to often to# mm> it Is used to gold refflb«tf©i lor to# 

precipitation of silver from its icdatfaa* In ©ulphurio odd. Iron and tow reduo© copper 
coifs, but copper rodudto mercery and nffvir salts, *Th#p*eofpttete contains not only the 
diver which was previously In solution, bat also off toot wfrleh was in thtf copper,. "The 
diver solutions in sulphuric* acid arc obtained to to© separation of diver from gold by 
#M*it4ifvio> fltiuF with unlnhnrf© which. onlv dissolves til© silver. 



according to the temperature and quantity of air supplied* Tn an 
at the ordinary temperature, copper—as everyone knows—becomes 
coated with a brown layer of oxides or a green coating of basic salts, 
•due to the action of the damp air containing carbonic acid* If this 
action continue for a prolonged time, the copper is covered with a thick 
Coating of basic carbonate, or the so-called verdigris (the eerugo nobilis 
of ancient statues). This, is due to the fact that copper, although 
scarcely capable of oxidising by itself, 5 in the presence of water and 
acids —even very feeble acids, like carbonic acid— absorbs oxygen from 
the air and forms salts, which is a very characteristic property of it (and 
of lead). 6 Copper does not decompose water± and therefore does not disen- 


5 ScMitzenberger showed that when, the basic carbonate of copper is decomposed by 
an electric current it gives, besides the ordinary copper, an. allotropic form which grows, 
on the negative platinum electrode, if its surface be smaller than that of the positive 
copper electrode, in the form of brittle crystalline growths of sp. gr. 8 * 1 . It differs from 
ordinary copper by giving not nitric oxide but nitrous oxide when treated with nitrio 
acid, and in being very easily oxidised in air, and coated with red shades of colour. It 
is possible that this is copper hydride, or copper which has occluded hydrogen. Spring 
(1892) observed that copper reduced from the oxide by hydrogen at the lowest possible 
temperature was pulverulent, while that reduced ’from CuCl 3 at a somewhat high tem¬ 
perature appeared in bright crystals. The same difference occurs with many other 
metals, and is probably partly due to the volatility of the metallic chlorides. 

6 This is taken advantage of in practice; for instance, by pouring dilute acids ovei 
copper turnings on revolting tables in the preparation of copper salts, such as verdigris, 
or the basic acetate 2 C 4 HqCU 04 ,CuH 2 02 , 5 H 2 0 , which is so much used as an oil paint (i.e. 
with boiled oil). The capacity of copper for absorbing oxygen in the presence of acids 
is so great that it is possible by this means (by taking, for example, thin copper shavings 
moistened with sulphuric acid) to take up all the oxygen from a given volume of air, and 
this is even employed for the analysis of air. 

The combination of copper with oxygen is not only aided by acids but also by alkalis, 
although cupric oxide does not appear to have an acid character. Alt-glia do riot act on 
copper except ip. the presence of air, when they produce cupric oxide, which, does not 
appear to combine with such alkalis as caustic potash or soda. But the action of 
ammonia, is particularly distinct (Chapter V., Note 2 ). In the action of a solution of 
a mm onia not only is oxygen absorbed by the copper, but it also acts on the ammonia, 
and a definite quantity of ammonia is always acted on simultaneously with-the passage 
of the copper into solution. The ammonia is then converted into nitrous acid, -according 
to the reaction: NH 3 4-O 5 =NH0 2 +H 2 0 , and the nitrons acid thus formed passes into the 
state of amm onium nitrite, NH 4 NO 2 . In this manner three equivalents of oxygen are 
expended on the oxidation of the ammonia, and six equivalents of oxygen pass over to 
the copper, forming six atoms of cupric oxide. The latter do 0 & not remain ii 1 the state 
of oxide, but combines with the ammonia. 

A strong solution of common salt does not act on copper,-but a dilute solution of tiie 
salt corrodes copper, converting it into oxychloride—that is, in the presence of air. 
This action of salt water is evident in those cases where the bottoms of ships are coated 
^eet copper. Prom what has been said above it will be evident that copper vessels 
be employed in the preparation of food, because this contains salts and acids 
^sence of air, and give copper salts, which are poisonous, 
' m unturned copper vessels may be poisonous. Hence 
na purpose—that is, copper vessels coated with a thin 
Ice Solutions do not act. 


gage hydrogen from it cither at the ordinary or at high temperatures 
Nor does copper liberate hydrogen from the oxygen acids , these act on 
it in two ways : they either give up a portion of their oxygen, form¬ 
ing lower grades of oxidation, or eke only react in the presence of 
air. Thus, when nitric acid acta on copper it evolves nitric oxide, the 
copper being oxidised at the expense of the nitric acid. In the mum 
way copper converts sulphuric acid into the lower grade of oxidation * - 
into sulphurous anhydride, H< > a . In these cases the copper is oxidis'd 
to copjwr oxide, which combines with tho excess of acid taken, and 
therefore forms a cupric salt, CuX$. Dilute nitric acid does not act 
on copper at the ordinary temperature, but when heated it reacts 
with great easo; dilute sulphuric acid does not act on copper except 
in presence of air. 

Both the oxides of copper, Ou^O and CuO, are unactod on by 
air, and, as already mentioned, they both occur in nature . hU 1 low- 
over, in the majority of canes copper in obtained in the form o£ 
fcupric oxide and its salts-.and the copjxsr comjvouiuk uhik! indus¬ 

trially generally belong to this typo. This is due to the fact that tho 
cuprous compounds absorb myym from the air and pass into cuprio 
compounds. The cupric compounds may serve as the sojaroc for the 
preparation of cuprous oxide, because many reducing agents aro 
capable of deoxidising tho oxide into the aulxixido. Organic sub¬ 
stances aro most generally employed for this purjKise, and eK|K*eiftlly 
saccharine substances, which aro able, in the presence of alkalis, to 
undergo oxidation at tho expense of tho oxygen of the cupric oxide, 
and to give acids which combine with tho alkali i 2CuO — O aw Cu a O, 
In this case tho deoxidation of tho copper may bo carried further and 
metallic copper obtained, if only the m action be aided by heat. Thus, 
for example, a fine powder of metallic copper may be obtained by heat¬ 
ing an ammoniaoal solution of cupric oxide with caustic potash 
and grape sugar. But if the reducing action of the saccharine 
substance proceed in the presence of a sufficient quantity of alkali in 

t> m» <\»pp<.r ( bonidon thu cuproim oxide, (hi./), and cupric oxide, ChO,givt n two khoau 
higher form»i of oxidation, but they have scarcely been investigated, nsml own their 
compowtimi in not well known. Copper dioxide (<’«O v , or 0uO,,Ii 4 < J , jH*rlnipnCu<>iI. s u*,) 
in obtained by tho action of hydrogen {Ktroxido on oupnc hydroxide, when tho grooa 
colour of tho latter is change! to yollow. It it vary uimtabio, and in deco*«|Kie«d oven 
by boiling water, with tho evolution of oxygon, whilst tho notion of acids gives cuprio 
salts, oxygen being also disengaged. A ettU higher o#$p9r hi formed by heating 

a mixture of caustic potash, nitre, and meteHk» copper to a red heat, and by dissolving 
cupric hydroxide in solutions of the hypochlorites of the alkali metal* A slight heating 
of the soluble salt formed is enough for it to be decomposed into oxygen and copier 
dioxide, which u precipitated. Judging from JMmy’u researches, the composition of tho 


tained. To see this reaction clearly, it is not sufficient to take any 


JU 

solution, and the tcmporaturo bo slightly raised, it’first gives a yellow 
precipitate (this is cuprous hydroxide, CuIIO), and then, on boiling, 
a red precipitate of (anhydrous) cuprous oxide. If such a mixture 
be loft for a long time o,t the ordinary temperature, it deposits well- 
formed crystals of anhydrous cuprous oxide belonging to tho regular 


sulphate, NajSyOs, which is oxidised in tho process. Cuprous oxide can, not only ho 
obtained by tho deoxidation of cuprio oxide, but also directly from metallic copper it wolf, 
because the latter, in oxidising at a red heat in air, first gives cuprous oxide. It in pre¬ 
pared in this manner on a large scale by heating sheet copper rolled into spirals iti 
reverberatory furnaces. Care must be taken that the air is not in gr&at excess, and that 
the coating of red cuprous oxide formed does not begin to pass into the black cuprio oxide. 



conditions. Tho reaction can bo expressed by tho following equation: ii(’u(!l i* Na 4 C()^ 
wCu 3 0:+ SNaCl + COj. The cupric oxide itself, when calcined with finely-divided copper 
this copper powder may,be obtained by many methods—for instance, by immersing sdne 
in a solution of a copper salt, or by igniting cuprio o*ido in hydrogen), given? the fusible 
cupfoua oxide: Ou+CuO-»CugO, Both the native .and artificial cuprous oxide ha viva 
*p. gr. of 6*6, It is insoluble in water; and is not acted on fey (dry) air. When heated 
with acids the suboxide forms a solution of a cupric salt and metallic copper—for example, 
C%0+H 98 O 4 **Gu+CU 8 O 4 +HflO, However, strong hydrochloric acid does not separate 
metallic copper on dissolving cuprous oxide, which is due to tine fact that the cuprous 
otdoridc formed is soluble in strong -hydrochloric acid. Cuprous oxide also dissolve* iri 
a solution of ammonia, and in the absence of air gives a colourless solution, which turn* 
blue in tho air,, absorbing oxygen, owing to the conversion of the cuprous oxide into 
cupric oxide. Tho blue, solution thus formed may be again reconverted into a colourless 
cuprous solution by immersing a copper strip in it, because the metallic copper thud 
deoxidises the cupric, oxide in the solution into cuprous oxide, • Cuprous oxide is ch&rao* 
fswisedby the fact that it gives red glasses when fused with glass or with salts forming 
vitreous alloys. Glass tinted with cuprous oxide is used for ornaments. The access of 
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Cupric chloride, CuCl 2 , when ignited, gives cuprous chloride, CuCI 
— ie. the salt corresponding with suboxide of copper—*and therefore 
cuprous chloride is always formed when copper enters into reaction 
with chlorine at a high tomporaturc. Thus, for example, when copper 
is calcined with mercuric chloride, it forms cuprous chloride and vapours 
of mercury. The same substance is obtained on heating metallic 
Copper in hydrochloric acid, hydrogen being disengaged ; but this reac¬ 
tion only proceeds with finely-divided copper, as hydrochloric acid acts 
very feebly on compact masses of copper, and, in the presence of air, 
gives cupric chloride. The green solution of cupric chloride is decolo¬ 
rised by metallic copper, cuprous chloride being formed ; but this 
reaction is only accomplished with ease when tjhe solution is very con¬ 
centrated and in the presence of an excess of hydrochloric acid to 
dissolve the cuprous chloride. The* addition of water to the solu¬ 
tion precipitates the cuprous chloride, because It is lees soluble in 
dilute than in strong hydrochloric acid. Many reducing agents which 
■are able to take up half the oxygen from cupric oxide are able, in the 
presence of hydrochloric acid, to form cuprous chloride. Stannous 
salts, sulphurous anhydride, alkali sulphites, phosphorous amd hypo- 
phosphorous acids, and many similar reducing agents, act in this 
manner. The usual method of preparing cuprbus chloride consists in 
passing sulphurous anhydride into a very strong solution of cupric 
chloride : •SCuCl, + SO* + 211/) = 2Cu014- 2IIC1+II*S0 4 . Cuprous 
chloride forms colourless cubic crystals which are insoluble, in water. 
It is easily fusible, and oven volatile. Under the action of oxidising 
agents, it passes into the cupric salt, and it absorbs oxygen from moist 
air, forming cupric oxychloride, Cu^Cl^O. Aqueous ammonia easily 
dissolves, cuprous chloride as well as cuprous oxide $ the solution also 
turns blue oft exposure to the air. Thus an ammoniaoal solution of 
cuprous chloride serves as an excellent absorbent for oxygen ; but this 
solution absorbs not only oxygen, but also certain other gases—for 
example, carbonic oxide and acetylene. 8 

to tho formation of cupric oxide, which colours glues blue. Tine may oven l>o taken 
advantage of in touting for copier under the Uow-pipo by boating Iho copper compound 
with borax in the flamo of u blow-pipe; a rod glass is obtained in the reducing llatno, 
and ft blue gifts® in tko oxidising flamo, owing to tlw conversion of tho cuprous intoouprio 
oxide. 

^iord (1802), by passing sulphurous anhydride into a .solution of cupric aoetftte, 6 b* 
ialned ft white precipitate of cuprous sulphite, Cu 3 SO*,HaO, whilst he obtained the same 
•alt, of a rod colour, from tho double salt of sodium and copper; but there arc not any 
convincing proofs of isomerism in this case. 

8 The solubility of cuprous chloride in ftmmonfc is due to the formation of compounds 
between the ammonia and tho chlorl<lo. in a warm solution the compound NXlj^CuOl, 
is formed, and ut the ordinary- temperature CuCLNHs. This salt is soluble in hydro* 







sparingly soluble in ammonia (like silver iodide), but capable of absorbing it, and in this 
respect it resembles ouprous chloride. It is remarkable from the fact that it is exceed¬ 
ingly easily formed from the corresponding ouprio compound Cul* A solution of cupric 
iodide easily decomposes into iodine and ouprous Iodide, even at the ordinary tempera¬ 
ture, whilst ouprio chloride only suffers a similar change on Ignition. If a solution of a' 
ouprio salt be mixed with a solution of potassium iodide the ouprio iodide formed imme* 
ftiately decomposes into free iodine and ouproue Iodide, which separates out as a precipi¬ 
tate. In this case the cupric salt acts in an oxidising manner, like, for example, nitrous 
acid, ozono, and other substances which liberate iodine from iodides, but with tins differ¬ 
ence, that- it only liberates half, whilst they set free the whole of the iodine from potas¬ 
sium iodide : 2KI + CuCl* ™am + Cul + 1 . 

It must also bo remarked that cuprous oxide, when treated with hydrofluoric acid, 
gives an insoluble cuprous fluoride, CuP. Cuprous cyanide is also insoluble in water, 
and is obtained by the addition of hydrocyanic odd to a solution of ouprio chloride 
saturated with sulphurous anhydride. This cuprous cyanide, like silver cyanide, gives 
a double soluble salt with potassium cyanide. The double cyanide of copjMar and 
potassium is tolerably stable in the air, and enters Into double decompositions with 
various other salts, like those double cyanides of iron with which we are already 


Copper TvydridOy GuH, also belongs to tbo number of the cuprous compound®. It 
was obtained by Wiirt* by mixing a hot ( 70 °) solution of ouprio sulphate with a solution 
of hypophoaphorous acid, HgPOg. The addition of the reducing hypophosphorous acid 
must bo stopped when a brown precipitate makes it# appearance* and when gas begins 
to be evolved. The brown precipitate is the hydrated cuprous hydride. When gently 
heated it disengages hydrogen ; it gives cuprous oxide when expowwl to the air, bums 
in a stream of chlorine, and liberates hydrogen with hydrochloric acid: CuH + HCl 
• CuOl + Hg. Iffinc, silver, mercury, lead, and many other heavy metals do not form 
euoh a compound with hydrogen, neither under these circumstances nor under the action 
of hydrogen at the moment of the decomposition of salts by a galvanic current. The 
greatest roembonoe it seen between cuprous hydride and the hydrogen compounds of 










Oxidb of'copper, CuII 2 O tt , insolubloin water. The resultant precipitate 
is rcdmolved by an excess of ammonia^ and gives a very beautiful 

^zure blue solution, of so intense a colour that tho presence of small 
traces, of cuprio salts may bo discovered by this means.® An excess of 

8 bu Th& oxido o I copper obtained by igniting tho nitrate is frequently used for, 
organic analyses. It is hygroscopic and retains nitrogen (1*5 o.o. par gram) when the 
nitrate is heated in vacuo (Eiohards and*Rogers, ISOS); 

8 * rl Oxide ojt copper is also cajjablo of dissociating when heated. Rebray and 
Joanxdfl ehowod that it then dinongagoK oxygen, wlinno maximum tension in constant 
for a given temperature, providing that fusion dons not take place (the CuO then 
dissolves in tho molten Cu./)); that thin loss of oxygon in followed by the formation of 
euboxi,do, and that on cooling, the oxygen in again absorbed, forming CuO. 

8 Cupric oxide and many' of its salts are able to give definite, although unstable, 
compounds with amnwnia. This faculty already shown itself in Cm fact that cupric 
oxide, as well as the salts of copper, dissolves in aqueous* ammonia, and algo in the fact 
that salts of copper absorb ammonia gat. If ammonia bo added to a solution of any 
cuprio Balt, it first forma a precipitate of cupric hydroxide, which then dissolves in an 
excess of ammonia. Tho eolation thus formed, wh« n evaporated or on tho addition of 
alcohol, frequently deposits crystals of salts containing both the eloumnts of the suit of 
’copper talcon and of ammonia. Several such compounds are generally formed. Tlnm 
cuprio chloride, OuC-b, according to Rehtwain, forma four eompimnds with ammonia—* 
namely, with ono, two, four, and six molecules of ammonia. Thus, for example, 
'if atnmoMa gas bo passed into a boiling saturated solution of cuprio chloride, on 
Pooling, small obtahodral crystals of a blue colour separate out, containing 
GuOb,2NHs,H*40. At 100° thus substance loses half* the ammonia and all Urn water 
contained in it, leaving the compound GuCl 3 ,NH s . Nitrate of copper forms the com¬ 
pound Ou(N03)jj,aNH^ This compound remains unchanged on evaporation. Dry 
cuprio sulphate absorbs ammonia gas, and glves-a compound containing five molecules of 
ammonia to ono of sulphate (Vol, I., p. 257, and Chapter XXII., Note 85). If this com¬ 
pound is dissolved in aquOods ammonia, on evaporation, it deposits a crystalline substance 
containing CuSO^NH&HaO- ,At IfD 0, this substance* loses the molecule of water and 
i-fourth of its ammonia. On iernition all these compounds mart with the remaining 


ammonia in tho form of an ammoniacal salt, m that the residue consists of cupric oxide. 
Both tin* hydrated and anhydrous cupric oxide are soluble in aqueous ammonia. 

Tho solution obtained by the action of aqueous ammonia and air on copper turnings 
(Note 6) is remarkable for its faculty of dimdvwg cellulose wliieh m insoluble in water, 
dilute acids, and alkalis. Duper soaked in such a solution acquires tho projmrty of not 
rotting, of being difficultly combustible, and ^waterproof, &e. It has therefore been 
applied, especially in England, to many practical purposes-"- for example, to tho con¬ 
struction of temporary buildings, for covering roofs, &o. The composition of the 
substance held in solution is Cu(HO)a,4NHs. 

If dry ammonia gas be passed over cuprio oxide heated to 265°, a portion of the oxide 
of copper remains unaltered, whilst the other portion gives copper nitride^ tho oxygon of 










potassium or sodium hydroxide does not dissolve eupric hydroxide, 
A hot solution gives a black precipitate of the anhydrous oxide 
instead of the blue precipitate, and the precipitate of the hydroxide 
of copper becomes granular, and turns black when tine solution 
is heated. This is duo to the fact that the blue hydroxide is 
exceedingly unstable, and when slightly heated it loses the (dements 
of water and gives the black anhydrous cupric oxide : Culi.jO* 
cs CuO -f* H a O. 

Cupric oxide fuses at a strqng heat, and on cooling forms a heavy 
crystalline mass, which is black, opaijuo, and somewhat tenacious. It 
is a feebly energetic base, so that not only do the oxides of the metals 
of the alkalis and alkaline earths displace it from its compounds, but 
even such oxides os those of lead arid silver precipitate it from solutions, 
which id partially duo to these oxides beingaolublo, although but slightly 
so, in water. However, cupric oxide, and especially th« hydroxide, 
easily combines with oven the least energetic acids, and does not give 
any compounds with bases; hut, on the other hand, it emily forma 
ba$ic saUtt, * bi “ and in this resect outstrips magnesium and recalls the 

aqueous ammonify. Cup|»r nitride iw very stable, and fii§>4ubW; it hn*< Urn compos!" 
tion CujN (*'.«. the copper is monatomic hum m in G%0), ainl Is an amorphous grwn 
powder, which is doomupOMid when strongly ignited, and gives cuprous chloride and 
ammonium chloride when treated with hydrochloric acid, Like thcolhsr nitride, rx>|>p«r‘ 
nitride, OujN, ha® scarcely been investigated, Granger (1HU2), by lmat mg copper in the 
vapour of phosphorus, obtained hexagonal prisms of 'Ou&I\ which passed into CuA' 
(previously obtained by Abel) when heated in nitrogen. Aramiio m wuidy absurlKid by 
copper, and it* presence (l(ko I’), even in email quantities, ban a gx« ut iuflmhico upon 
the properties of copj>er~-for instance, pure copper wire 1 sq. mm, in sootinu breaks 
under a load of 86 kilos, while the pr escrco of G’2U p.o. of arson 1(5 minus the breaking 
load to 42 kilos. 

As a comparatively feeble base, oxide of copper easily forms both basic and 
double salts. As an instance wo may mention dm double nails compound of the 
dichlorido OuCl ttl 9H a O and potassium chloride, The, double salt thiK^U^ilhiO 
crystallises from solutions in btuo plates, but when heated alone or with substances, 
taking up water easily givc» brown needles CaKClg and at the same time KC1, and this, 
reaction is reversible at 02' tu§ Meyerhoffer (IMS©) showed (ii». alcove W the simpler 
double salt is formed and below 92° the more complex salt). With an ox cons of the 
copper salt, KQ gives another double nail, Cu s KCl 6l 4H a O, iht^ transition temperature of 
which ts Wft, the instances of equilibria which are encountered in such complex 
relations (ms Chapter XIW, Note 25, ^ostrakhanite, and Chapter XXII., Note 28) are 
embraced by the law of phmm given by 0ibb* (Transactions of the Connecticut 
Academy of Science^ 1876-1878, In J. Willard Oibl«* memoir 4 On the equilibrium of 
hctorogcncous substances: * and in" a clearer and more accessible form in II. W. 
ftakhuts Itooseboom's papers,Hoc. trav. cblm,, Vol. VI.,and In W, Mey«rhntfcr‘u memoir 
XH$ I'hasfnreg&l urul ihro Anwondungm t 1W8, to which oourees we refer thouo desiring 
fuller information respecting this law), Oibbs calls 4 bodm * substances (simple or com¬ 
peted) capable of forming homogeneous complex#! (for instance*, solutions or Inter- 
combbtotlaoi) of a varied composition ; apAatt-«a mechanically separable portion of such 
(bodies or of their homogeneous complexes (for instance, a vapour, liquid or precipitated 

a. ,, A _ A, ... ^ » IL . JSf » _ - Ji _ B A.S S ^ % ^ 



oxides of lead or mercury. Hence the hydroxide of copper dissolve! 
solutions q£ noutral cupric salts. The cupric salts are generally blu< 
green, because cuprio hydroxide itself is coloured. But some of 
salts in the anhydrous state are colourless. 10 

characterised by a constant pressure at a constant temperature oven under a ebang 
the amount of one of tho component parts (for instance, of a salt in a saturated soluti 
whilo an imperfect equilibrium is such a ono for which such a change corresponds v 
a chango of pressure (for instance, an unsaturatod solution). Tho law of phases corn 
in tho fact that: n bodies only give a perfect equilibrium when ft * I phases part icq 
in that equilibrimh —for example, in tho equilibrium of a salt in ite saturated solui 
in watqr there arc two bodies (the salt and water) and throe phase®, namely, the i 
solution, and vapour,* which can he mechanically separated from each other, and to i 
equilibrium there corresponds a definite tension. At the same time, rt bodies « 
occur in n+% phases, but only at om definite temperature and one prmure ; a oh* 
of ono of these may bring about another state (perfect or not—equilibrium stable 
unstable). Tlm$ water when liquid at the ordinary temperature offers two pha 
(liquid and vapour) and is in perfect equilibrium (as also is ice below 0°), but water, 
and vapour (three phasos and only ono body) can only bo in equilibrium at 0°, and at 
ordinary pressure; with a chango of i there will remain either only ice and vapour 
only liquid water and vapour; whilst with a rise of pressure not only will the vap 
pass into tho liquid (there again only remain two phases) but also tho temperature 
tho formation of ieo will fall (by about 7° per 1000 atmospheres). Tho some laws 
phases are applicable to the consideration of the formation of simple or double §i 
from saturated Solutions and to a number of other purely chemical relations. Thus, 
•example, in tho above-mentioned instance, when tho bodies arc KC1, CuCl$, and H. 
perfect equilibrium (which hero has reference to tho solubility) consisting of four ph&s 
corresponds t.6 tho following seven oases, considering only the phases (above 
A « CuClnfiKCl,2H</>; 11 » CuCl 3 KCi; C » CuCl 2 ,2ir u O,KCl, solution and vapoi 
(1) A + B + solution + vapour; (*3) A + C + solution f vapour; (8) A + KC1 + solut 
+ yaponr ; (4) A + B+ p 4-vapour (it follows that B ICC1 + solution gives A); 
A + C+KOI 4* vapour; (0) B 4* C + solution + vapour; and (7) B + KC1 + solution + vapo 
Tims above 02° A gives B + KC1. The law of phases by bringing complex instances 
chemical reaction under simple physical schomos, facilitate® their study in detail a 
gives tho means' of seeking tho simplest cjb^mioal relations dealing with solutions, 4 
sociation, double decompositions and similar oases, and therefore deserve® consider*^ 
but a detailed exposition of this *ubJpot must bo looked for in works on phpl 
chemistry. 

10 Tho normal cupric nitrate, CuNtO^dH^O, is obtained as a deliquescent salt of a bl 
colour (soluble in water and in oloohol) by dissolving copper or cuprio oxide in nitric ao. 
It is so easily decomposed by tho action of heat that it is impossible to drive off the wat 
of crystallisation from it before it begins to decompose. During tho ignition of tho norm 
salt tho cupric oxide formed enters into combination with tho remaining undocompoa 
normal salt, and gives a basic salt, CuNaft^CuHaO.*. Tho same basic salt is obtain* 
If a certain quantity of alkali or cuprio hydroxide or carbonate bo added to the solutu 
of tho normal salt, which is ovep decomposed when boiled with motaUic copper, and ton 
the basic salt as a green powder, which easily decomposes under tho action of heat ai 
loaves a residue of cuprio oxide. The basic salt, having tho composition CuNaCV&CuHaC 
is nearly insoluble in water. 

The normal carbonate ofoopper, CuCO®, occurs In nature, although e*$rem«ly rare! 
If solutions of cuprio salts be mixed with solutions of alkali carbonates, then, as In tl 
case of magnesium, carbonic anhydride is evolved arid basic salts ore formed, which vai 
in composition according to the temperature and conditions of the reaction. By mirir 
cold solutions, a voluminous blue precipitate is formed, containing an equivalent pn 



' The commonest normal salt is blue vitriol — i-e. the normal cupric 
sulphate. It generally contains five molecules of water of crystallisa¬ 
tion, CuS0 4 ,5H 2 0. It forms the product of the action of strong sul¬ 
phuric acid on copper, sulphurous anhydride being evolved. The same 
salt, is obtained in practice by carefully roasting sulphuretted ores of 
copper, and also by the action of water holding oxygen in solution on 
them : CuS-f 0 4 ==CuS0 4 . This salt forms a by-product, obtained in 
gold refineries, when the silver is precipitated from the sulphuric acid 
solution by means of copper. It is also obtained by pouring dilute 
sulphuric acid over sheet copper in the presence of air, or by heating 
cupric oxide or carbonate in sulphuric acid. The crystals of this salt 
belong to the triclinic system, have a specific gravity of 2*19, are of a 
beautiful blue colour, and give a solution of the same colour. 100 
parts of water at 0° dissolve 15, at 25° 23, and at 100° about 45 parts 
of cupric sulphate, CuSO 4 . 10Ws At 100° this salt loses a portion of its 

is the same as malachite, sp. gr. 8*5): 2CuS0 4 4 2 Na 2 C 0 s + H 2 0 ==CuCOs,CuH 20 a 
+ 2 N%S 04 +C0 2 . If the resultant blue precipitate be heated in the liquid, it loses water 
and is transformed into a granular green mass of the composition CU 2 CO 4 —into a 
compound of the normal salt with anhydrous cupric oxide. This salt of the oxide corre¬ 
sponds with orjhocarbonic acid, C(0H) 4 ==CH 4 0 4 , where 4H is replaced by &Cu. On 
further boiling this salt loses a portion of the carbonic acid, forming black cupric oxide, 
so unstable is the compound of copper with carbonic anhydride. Another basic salt which 
occurs in nature, 2CnC0 s ,CuHo0 2 , is known as azurite, or blue carbonate of copper; it 
else loses carbonic acid when boiled with water. On mixing a solution, of cupric sulphate 
with sodium sesquicaxbonate no precipitate is at first obtained, but after boiling a pro* 
cipit&te is formed having the composition of malachite. Debr&y obtained artificial 
azurite by heating cupric nitrate with chalk. 

10 bi« Although sulphate of copper usually crystallises with 6H 2 0, that is, differently 
to the sulphates of Mg, Fe, and Mn, it is nevertheless perfectly isomorphous with them, 
as is seen not only in the fact that it gives isomorphous mixtures with them, containing 
a similar amount of water of crystallisation, but also in the ease with which it forms, 
like all bases analogous to MgO, double salts, BaCufSOJ^fiHsO, where R=?K., Rb, Cs, 
of the monoclinic system. 

Salts of this kind, like CuCl 2 , 2 KCl, 2 H 20 ,PtK 2 Cy 4 , present a composition 
CuX 2 if the representation of double salts given in Chapter XXIII., Note 11, be 
admitted, because they, like Cu(HO.)o, contain Cu(X$K) 2 , where X 2 =SCX,, i.e. the 
residue of sulphuric add, which combines with Ho, and is therefore able to replace 
the H 3 by Xo or O. A detailed study of the crystalline forms of these salts, made by 
Tutton (1898) (ace Chapter XIIL, Note 1 ), showed: ( 1 ) that 22 investigated salts of the 
composition R 3 M(S0 4 ),6H 2 O, where R=K, Rb, -Cs, and M =Mg, Zn, Cd, Mn, Fe, Co, Ni, 
Cu, present a complete crystallogi-aphio resemblance; ( 2 ) that in all respects the Rb 
salts present a transition between the K and Cs salts; ( 8 ) that the Cs salts form 
crystals most easily, -and the K salts the most difficultly, and that for the K salts of Cd 
and Mn it was even impossible to obtain well-formed crystals; (4) that notwithstanding 
the closeness of their angles, the general appearance (habit) of the potassium compound 
differs very clearly from the Cs salts, while the Rb salts present a distinct transition in 
ibis respect; (5) that die angle of the inclination of one of the axes to the plane of the two 
pther axes showed that in the K. salts (angle from 75 ° to 75 ° 880 the inclination is least, 
fe the Cs salts (from 72° 52/ to 78° 500 greatest, and in the Rb salts (from 78° 57 ' to 
^4° 420 intermediate between the two; the replacement of Mg. .. Cu produces but a 


able quantity of cupric sulphate is also used in the preparation of other 
copper salts—for instance, of certain pigments u bls —and a particularly 

very small change in this angle; (6) that the other angles and the ratio of the 
axes of the crystals exhibit a similar vacation; and (7) that thus the variation of the 
form is chiefly determined by the atomio weight of the alkaline metal. As an example 


Thw shown dearly (within the limits of possible error, which may bo as much as 
80 ') the almost porfoet identity of the independent crystalline forma notwithstanding the 
difference of the atomic weights of the diatomic elements, M^Mg : . . Cu. 

11 In addition to what has been said (Chapter I., Note 65, and Olmpter XXII., 
Note 85) re«pe<*ting the combination of 0 u8 O 4 with water and ammonia, wo may add 
that Laohinoff (181)8) phowod that GuH0 4 ,Glf tt O loses 4|II 3 D at 180°, that CuBO^&NH* 


the Cu80 4 . The last can only bo driven off by heating to 900°, and the lost 

jfcNH 3 by heating to 880° Ammonia displaces water from CuSO^MTaO, but water 
cannot displace the ammonia from CuSO^SNBjj. If hydrochloric acid gas be passed 
over CuS0 4 ,eHaO at the ordinary temperature, it first forms GoSG^HjOjfiflOl, and 
then Gu604,2Hh0,8HC1. When air is passed over the latter compound it passes into 
Cu80 4 H 9 0 with a small amount of HOI (about ^HCl). At 100°. CqSO^BHgO in a 
stream of hydrochloric acid gas gives Cu 80 4 ,|H. 4 0,2HC1, and then CuS0 4 ,£H a OHCl, 
whilst after prolonged boating CuSO* remains, which rapidly passes into Cu80 4i &1Lj0 
when placed under a boll jar over water. Over sulphuric acid, however, CuS0 4> 5H y 0 
only parts with 81 I u O, and if Cn80 4 ,21I« 4 0 bo placed over water it again forms 
Cu80 4 ,DH. 4 <>, and tie on. 

u Commercial blue vitriol generally contains ferrous sulphate. The salt is purified 
by converting the ferrous salt into a forrlo nalb by heating the solution with chlorine or 
wltrfo acid. The solution is then evaporated to dryness, and the unchanged cupric sul¬ 
phate extracted from the residue, which will'contain the larger portion of the ferric' 
oxide. Tho remainder will be separated if cupric hydroxide is added to the solution andj 
boiled; the cupric oxide, CuO, then precipitates the ferric oxide, P%0 Si just as it is itself 

*«■***» mi hv silver oxide. But the solution will contain n. amR.ll nrorvortinvi r\t r» ktoi/t 


salt of copper, and therefore sulphuric add must ho added to tho filtered solution, and the 
salt allowed to crystallise. Acid salts ore not formed, and cupric sulphate itself lias m 
«u»id reaction on litmus ntinor. 











large quantity Is used in the galmnoptastie prodem^ which consists In 
the deposition of copper from a eolation of cupric sulphate by the 
action of a galvanic current, when the metallic copper is deposited 
on the negative pole and takes the shape of the latter, The dt§- 

acription of the processes of gaJvanoplastio art introduced by Jacobi 
in St. Petersburg forms a part‘of applied physios, and will not be 
touched on here, and we will only mention that, although first intro* 
duood for small articles, it is now used for such articles as type moulds 
(dicMs), for maps, prints, Ac., and also for large statues, and for the 
deposition of iron, zinc, nickel, gold, silver, Ac. on other metals and 
materials. Tim Ixjgirming of the application of the galvanic current to 
the practical extraction of metals from solutions has also boon est&b* 
lighted, especially since the dynamo-electric machines of Gramme, 
Siemens, and others have rendered it possible to cheaply convert the 
mechanical motion of tho steam engine into an aloetrio current* It is 
to be expected that the application of the electric current, which has 
long since given such important results in chemistry, will* in the near 
future, play an important part in technical processes, the example being 
shown by electric lighting. 

The alloy a of ayqwr with certain metals, and especially with zinc 
*and tin, are easily formed by directly melting the metals together. 
They are easily oast into moulds, forged, and worked like copper, 
whilst they ate much more durable in the air, and are therefore fre¬ 
quently used in the arts. Even the ancients used exclusively alloys 
of copper, and not pure copper, but its alloys with tin or different 
kinds of bronze (Chapter XVIII., Koto 35). The alloys of copper with 
xinc are called brass or * yellow metal. 1 Brass contains about 32 p.c. of 
sine ; generally, however, it dot's not contain more than 65 p.c. of 
copper. The remainder is comjwmxl of lead and tin, which usually 
occur, although in small quantity, in brass. Yellow metal contains 
about 40 p.c. of zinc. 13 The addition of zinc to copper changes the 

u AsiWig th#» slkyt of ooppat* rambling brass, delta invented by A. Disk 

((London) Is turfsly ussd (itaM iSSS). It omMm W p.o. Oa, and 41 p*. Za t tho 
■ wNttiijaiBf 4 p*o. Mag mmpomi of irm (m iswih as 8| pA 4 whloh is ftrst alloyed with 
’ Mae), m of oQbalii und aanfiataa, Ad ovrlaln other motala. Tbs «p. gr. of delta metal 
Ik a*4. Xt ldrila at 050*, and then toms m UtM that it fills tip all tho oavitfe* in a 
would sad kmxm oxoblloBt oaottogo. Xt hm a tuonthi straigth of 70 kilos p#r nq. mm, 

* (gun metal shout £0, phosphor bremsaabout SO). It is v©#y soft, ospocrially when heated 
to 6CK)°, but after forging and rolling it booomas vory hard; it In more difficultly anted 
Upon by air and water ilian other kinds of brass, and jmmmrn its golden yellow colour 
We my langth of time, iwpcxdally if well polished. It is used for making Iwarlnffa, «e*#w 
•propnUori, yshr#*, and mww otter mrUdm. |n general the alloys of Oo and Zn mm* 
tsta^about | p*a. by weight of copper w«r© for a long time almost exdtusivoly made io 
SwdbU iflABnglaftd (Bitstol, Btaningheio). Thuim allays tor tho most part ere ©hmper. 


colour of the latter to a considerable degree y with a certain amount of 
rfnc the colour of the copper becomes yellow, and with a still larger 
proportion of zinc an alloy is formed w Inch has a greenish tint In those 

alloys of zinc and copper which contain a largorhimount of zinc than 
of copper, the yellow colour disappears and is replaced by a greyish 
colour. But whom tho amount of zinc is diminished to about 20 p.c.* 
the alloy is red and hard, and is called 4 tombac/ A contraction tabes 
place in alloying copper with zinc, so that tho volume of the alloy in 
less than that of cither racial individually. Tho zinc volatilises on 
prolonged heating at a high temperature and tho excess of metallic 
copper remains behind. When heated in the air, the zinc oxidise* 
before tho copper, so that all tho zinc alloyed with copper may bo 
removed from the copper by this means. An important property of 
brass containing about 30 p.c. of zinc is that it is soft and malleable in' 
the cold, but becomes somewhat brittle when heated. We may also 
mention that ordinary copper coins contain, in order to render them 
bard, tin, zinc, and iron (Cu = 95 p.c.); that it in now customary to add 
a small amount of phosphorus to copper and bronze, for tho same pur¬ 
pose i and also that copper is added to silver and gold m coining, 
to render it hard ; moreover, in Germany, Switzerland, and Belgium, 
and other countries, a silver-white alloy (molchior, German silver, <fe<\), 
for base coinage and other purposes, is prepared from brass and nickel 
{from 10 to 20 p.c. of nickel ; 20 to 30 p.c. zinc ; 50 to 70 p.c. copper), 
or directly from copper and nickel, or, more rarely, from an alloy con¬ 
taining silver, nickel, and copper. 12 bli 

Copper, in its cuprous compounds, is so analogous to nfogr, that 

tdioing 45-80 p.o. Cu crystalline in cubes if slowly cooled (Bi Also gives crystals). By 
washing the surface of brass with dilute sulphuric acid, Z\\ it removed and the article 
acquires the colour of copper. The alloys approaching Zn^Cttg in their competition 
exhibit the greatest resistance (under other equal conditions; of purity, forging, rolling, 
dtc.) The addition of 8 p.c. Al, or 8 p.o. Sn, improve® the quality of brass. Respecting 
aluminium bronse see Chapter XVII. p. 88. 

11 Ball (also Kamensky), 1888, by investigating tho electrical conductivity of tho 
alloy a of antimony and copper with load, came to tho conclusion that only two definite 
compound** of antimony and copper exist, whilst tho other alloys are either alloys of thm*o 
two together or with antimony or with copper. Those compounds aro Cu^Bb and 
CujBb—one corresponds with tho maximum, and tho other with tho minimum, doctrinal 
resistance. In general, tho rouistanoo offered to an electrical current forms ono of thsf 
methods by which the composition of definite alloys (for example, Pb^Zn,) is often 
established, whilst the electromotive force of alloys affords (Laurie, 1888) a still mote 
accurate method—for instance, several definite compounds were discovered by this 
method omo.ng the alloys of copper with sine and tin ; but we wiH not enter into any 
details of this subject, because we avoid all references to electricity, although the reader 
is recommended to fnako himself acquainted with this branch of science, which has many 
points in common with chemistry. Tho study of alloys regarded as solid solutions should, 
jin my opinion, tlirow much light upon the question’ of solutions, which is still obscure^ 



wore thortf no cupric compounds, or if silver gmo stable compounds 
of the higher oxide, AgO, the resemblance would be ps close as that 
between chlorine and bromine or zinc and cadmium; but silver 
compounds corresponding to AgO aro quite unknown. Although 
silver peroxide—which was regarded as AgO,'‘but which Berthelot 
(1880) rceogMfsed as the aesquioxide Ag a Og—is known, still it docs 
not form my true salts, and consequently cannot be placed along 
with cupric oxide* In distinction to copper, silver as a metal does 
not oxidise under the influence of heat; and its oxides, Ag a O and 
Ag a O g , easily lose oxygon (me Note 8 tri). Silver does not oxidise in 
air at the ordinary pressure, and is therefore classed among tho 
so-called nolle metals. It has a white colour, which is much purer 
than that of any other known metal, especially when the metal is chemi¬ 
cally pure. In tho arts silver w always used alloyed, because chomi* 
colly-pure silver is go toft that it wears exceedingly easily, whilst when 
fused with a small amount of copper, it becomes very hi^rd, without 
losing its colour. 13 

19 There tiro mot many soft motuln; load, tin, copper, silver, iron, anti gold are tiomo- 
wh&t noft, and potassium and sodium very soft. The nwtalu of tho alkaline earths 
aro sonorous and hard, ami many other metals aro tmm brittle, oujteeiully. bismuth 
and antimony. Bui the very alight ftigmflewieo which these properties have In 
determining the fundamental ©hemteid properties of aubatanotm (although, however, of 
ImmtBM importaiuxt in the practical application*! of metals) ii seen from th«» ox ample 
shown by *!«% which it hard at the ordinary tempoyataro, toft at UK) 0 , and brittle 
at aoo n . 

An the value of §§flv#r depends exclusively on iti purity, and m there k no possibility, 
of telling thu amount of impurities alloyed with it from iiti external appearance, it h 
customary hi moist countries to mark an article with the amount of pure diver it contains 
after an accurately*m«ulo analysis known an the aiway of the silver. In France tho 
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•fttmy of »ll?« shows the amottat of pdr© silver la l,»0 purl* by weight ; In llmnfa tho 
amount of pure stiver In’ 90 pwrte—that 1% the assay shows the number of aolntniki 
(4*28 grams) of pure silver In one pound (410 grams) of alloyed silver. Bussian silver k 
generally HI ftimay -that in, contains 84 parts by weight of pure silver and Pi park of 
Copper and other metals. French money contains &0 p.o, (In tho Kmo.ian system this 
will bo 8IV4 assay) by weight of silver [English coins and jewellery contain yj*& p.o. of 
iflvarj | the silver rouble Is of Wl| usuiy-that in, it contains Mi o' p.«. of nilver—and the 
JBtomUa silver coinage is of 48 assay, and therefore contains 50 jj.es, of silver. 
flSWiWWftto and articles are usually made in Bussia of 84 and 72 mmy. Am 
to Mam# tom and mgmr t cipucUdly after tain# subjected to the action of heat, are 




Silver occurs in nature^ both in a native state and in certain coin¬ 
pounds. Native silver, however, is of rather ra*re occurrence. A far 

4 pickling *) after boing worked up. This consists in removing the copper from the surface) 
of the article by subjecting it to a dark-rod heat and then immersing it in dilute acid. 
During the calcination the copper on tho surfaco is oxidised, whilst the silver remains 
unchanged 5 tho dilute acid then dissolves tho copper oxides formod, and pure silvor is 
left on tho surfaco. Tho surface is dull after this treatment, owing to tho removal of a 
portion of tho metal by tho acid. After being polished tho article acquires tho desired' 
lustre and colour, so as to bo indistinguishable from a pure silver object. In order to 
test a silver article, a portion of its mass must bo taken, not from tho surface, but to a 
certain depth. Tho methods of assay used in practice arpi very varied* The commonest 
and most often used is that known as oupeUativn, It is ‘based on the difference in the 1 
oxidisability of copper, lead, and silver. The oupel is a porous cup with thiok sides,* 



Fig. 97.—Portable muflly furnace 


made by compressing bone ash. Tho porous mass of bone ash absorbs the fusod oxides, 
especially tho lead oxide, which is easily fusible, but it does not absorb the unoridised 
metal. The latter collects into a globule under tho action of a strong heat In the oupel, 
and on cooling sohdifleB into a button, which may than be weighed. Several cupels we 
planed to a muffle* A muffle is a semi-cylindrical clay vessel, shown in the aooompanyfug 
drawing. The tides of the muffle are pierced with several orifices, which allow the access 
of air into it The muffle is placed in a furnace, where it it strongly heated. Under the 
action of the air entering the muffle the copper of the silver alloy is oxidised, but as the 
oxide of copper is infusible, or, more strictly speaking, diffionltly fusible, a certain quan* 
tity of lead is added to the alloy j the lead is also oxidised by tho air at the high tem¬ 
perature of the muffle, and gives the very fusible lead oxide. The copper oxide then 
tfuses with the lead oxide, and is a sorbed bv t e uoel. whilst the silver remains as a 













greater quantity of silver occurs in combination with sulphur, and 
especially in the form of mlver mtph%de> Ag^S, with lead sulphide 
or copper sulphide, or the ores of various other metals. The largest 
amount of silver is extracted from the load in which it occurs. If this 
lead bo calcined in the presence of air, it oxidises, and the resultant 
load oxide, PbO (* litharge 9 or * sUbergl&tte,* as it is called), melts into 
a mobile liquid, which Is easily removed* The silver remains in an 
unoxidiacd metalUo state u This process is called %* 


bright white globule It th® weight of 4h® alloy taken and, of the sttver left m the cupel 
hft determined, it iii poiwiibte to calculate the composition of the alloy. Tims the essence 
of cnpollation consists in the separation of the oxldisablo metals from silver, which does 
cot oxhtieo under the action of Iwmt. A more accurate method, baninl on the precipitation 
of silver from Its solutions in the form c 4 silver chloride, is described in detail in works 
on analytical chemistry. 

14 In America, whence the largest amount of silver la now obtains!, ores arc worked 
mtalnlng not mow than § p,c. of silver, whilst at § p.c, its extraction it very profitable 
Monom, the extraction of dim from arcs oontaining not mor® than 0*01 p.c. of this 
metal In ftofoet*mea prefltshl#. Th© majesty of the load smelted from galena contains 
silver, which Ii extracted from it. Thm near Arms, in France, an or® Is worked 
wtdeh mtilfti about 66 parts oi load and 0*068 part of diver in 100 parts of ora, which 
corresponds with 100 parts of silver in 100,000 parts of load. At Freiberg, in Baxony, ilia 
ore mml (enriched by fm^dumioal dressing) contains about 0*0 of silver, lftO of lca<l, and 
C of copper in 10,000 parts. In every ease the load Is first extracted in the manner 
described in Chapter XVIII., and this lead will oontain all the silver. Not unfreqUenily 
other mm of silver are mixed with lead ores, in order to obtain m argentiferous lead ee 
the ptodwh The extoaetioft of emell que&titiea of sQver from toad ii facilitated by the 
fact (Fettlnson’s process) that mMtea argentiferous. lead l» oooling first deposit* 
crystals of pure lead, which fall to fee bottom of the oooling nessl, whilst the prOpor* 
lion of $d?«r In the m§dldJfk»d mass increases owta^ to the removal of the eryetahf 
Of lead. The lead it enriched In this maimer until it contains ? §n part of ’silver, and' 
fs then subjected to cnpcUation on a larger scale. According to Park's process, xino is* 
added to the molten orgentiferomi toad, and the alloy of Pb and Zn, which first jteparatu* 
out m cooling, in collected. Tint alloy in found to contain all the silver previously con* 
gained in the lead. Tkft addition of Q'lf p.o. of aluminium to the tine (Bossier and Edelmon) 
facility ten the extraction of the Ag from ihit resultant alloy besides preventing oxida¬ 
tion; for, after no-melting, nearly all the lead easily runs off (remains fluid), and 
leaves m alloy containing about flO p.c. Ag and atom! 70 p.c. Znu This alloy may be uaod 
m an ouotto In a solution of ZnOL*, when the Zn Is deposited on the cathode, leaving th# 
•Uvar with a small amount of 1%, &o* behind. The silver can be easily obtained pure by 
testing It with dilute acids And cupelling* 

The ore* of stiver which oontain n larger amount of it are: silver glance, Ag*8 (sp, 
gr» H)l «nfgant^e»ock»^opp«r gtanee, OuAgS t bom sower or chloride of stiver, AgCl; 
asmoiltatts g mf eoppir o»t p^btelt#, 3tf§BSf (wham M»Ag, Ct^and E*»8b» As), 
mm argentiferous gold. The latter la the usual form in which gold It found In alluvial 
deposits and ovee. The oyttals of gold from the Berasofbky mine® in the Urals cantata 
<10 to 95 of gold and 5 to 0 of silver, and the Altai gold contains SO to 65 of gold and 80 to 
$8 of silver. The proportion of silver In native gold varies between thus® limitu in other 
looaUtios. Silver ores, which goncrally twur in voinw, usually ©miain native shiver and 


%KlOUS sulphur compounds. The most famous mlnecs in Europe are in Bax*my (Frol- 
1»» a yearly output of as much iw ail tons of silver, Hungary, and Bohemia 
In Buiiuiti, sllvtr I* exto&oted In the Altai wad at Numhiiwk (17 tout). The 
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known am In Aimsdca, ospeoially ta Chili (as much m 70 tent). 
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Commercial silver generally contains copper, and, more rarely, other 
' metallic impurities also. Chemically pure silver is obtained either by 
cupellation or by subjecting ordinary silver to the following treatment. 
The silver is first dissolved in nitric acid, which converts it and the 
copper into nitrates, Cu(NO a )g and AgN0 3 ; hydrochloric acid is then 
added to the resultant solution (green, owing to the presence of tho 
cupric salt), which is considerably diluted with water in order to retain 
tho lead chloride in solution if tho silver contained load. The copper 
and many other metals remain in solution, whilst the silver is precipi¬ 
tated as silver chloride. The precipitate is allowed to settle, and tho 
liquid is decanted off; the precipitate is then washed and fused with 
•sodium carbonate. A double decomposition then takes place, sodiuxh 
chloride and silver carbonate being formed ; but the latter decomposes 
into metallic silver, because the silver oxide is decomposed by heat: 
Ag 2 C0 8 s= Ag 2 + O 4* C0 2 . The silver chloride may also be mixed 
with metallic) zinc, sulphurio acid, and .water, and left for some time, 
when tho zinc removes the chlorine from tho silver chloride and pre¬ 
cipitates the silver as a powder. This finely-divided silver is called. 
* molecular silver. 115 

richness of these mines may be judged'from the fact that one mine in the State of 
Nevada (Comstock, near Washoe and the cities of (3-old Hill and Virginia), which was dis¬ 
covered in 1859, gave an output of 400 tons in 1800. In place of cupellation, chlori¬ 
nation may also be employed for extracting silver from its ores. Tho method ’ of 
chlorination consists in converting the silver in an ore into silver chloride. Thiii is ( 
either done by a wot or by a dry method, roasting tho ore with NaCl. When the silver 
chloride is formed, tho extraction of the motul is also done by two methods. Tho first 
consists in tho silver clilorido being reduced to metal by moans of iron in rotating 
barrels, with the subsequent addition of mercury which dissolves the silver, t but 
does not act on the other jmetals. The mercury holding the silver in solution is distilled, 
when the silver remains behind. This method ip called Tim other 

method is less frequently used, and consists in dissolving the silver chloride in sodium 
chloride or in sodipm thiosulphate, and then precipitating the silver from the solution* 
'The amalgamation is then carried on in rotating barrels containing the roasted ore mixed 
with water, iron, and mercury. The iron reduces the silver chloride by taking up tho 
chlorine from it. Tho teqhniofiJi .details of these processes are described in works on 
metallurgy. Tho extraction of AgCl by the wet method is carried on (Patera’s process) 
by means of a solution of hyposulphite of sodium which dissolves AgCl (see Note * 28 ), or 
by lixiviating with a 2 p.c. solution of a double ^hyposulplute of Na and Cu (obtained by 
adding CUSO 4 to Na^Ch). The resultant solution of AgCl is first treated with soda 
to precipitate PbCOs, and then with N% 8 , which precipitates the Ag and An. The 
^process should be carried on rapidly to prevent the precipitation of C%S from tho solu¬ 
tion of C 11 SO 4 and NagBgOg. 

16 Thor© is another practical method which is alto suitable for separaUng’the sjlvefr 
from the solutions obtained in photography, knd consists in precipitating the silver by 
oxalic acid. In this cate the amount of silver in the solution must be known, and 23 
grams of oxalic acid dissolved in 400 grams of water must be added fear every 60 gram® 
of silver in solution in a litre of water. A precipitate of silver oxalate, Ag^C^O^, is then 
obtained, which is insoluble in water but soluble in acids. Hence, if the liquid contains 
any free acid it must bo previously freed from it by the addition of sodium carbonated 
















Chcmlcally-puro silver has an exceeding pure white colour, and a 
^specific gravity of 10*5. Solid silver is lighter than the molten metal, 
end thorcfbro a piece * of silver floats on the latter. The fusing- 
point of silver ii about 950° C., and at the high temperature attained 
% the combustion of detonating gas it volatilises. 16 By employing 
silver reduced from silver chloride by milk sugar and caustic potash, 
and distilling it, Stas obtained silver purer than that obtained by any 
other moans; in fact, this was perfectly pure silver. The vapour of 
silver has a very, beautiful green colour, which is seen when a silver 
wire is placed in an oxyhydrogen flame. 17 

It has hmg been known (Wohler) that when nitrate of silver, 
AgNt * 4l reacts tin an oxidising agent upon citrates and tartrates, it is 
able under certain conditions to give either a salt of auboxido of silver 
(see Koto ID) or a red solution, or to give a precipitate of metallic 
silver reduced at the expense of the organic substances. In 1889 Carey 
In his researches on this class of reactions, showed that soluble 

©wi wwlliml precipitate of sRw ©*alato la dried, mixed with an equal weight of dry 
itwlmm carbonate, and thrown, into a gently-heated crucible. Tho separation of tho 
tllvwr then |si’iH*iM«la without an explosion, whilst tho silver oxalate if limited alono 
difimmpoitea with explosion. 

According to Htus, tho tost method for obtaining silver from itn solutions is by tho 
fuduotloii of silver ehlorida dissolved in ammonia by moans of an ammoniacal solution of 
cuprous thfotulpfcafoi tho silver Ii then precipitated in a crystalline form. A solution of 
ammonium sulphite may bo used Instead of tho cuprous salt. 

id giittr ii very malleable and ductile j It may bp beaten into loaves O'OOS mm. In 
thickness. Silver wire may be made so fine that l gram is drawn into a wire ty kilo-v 
ffiitws long. In this respect silver It second only to gold. A wire of 2 mm. diameter 
broalm under a strain of SO kilograms. 

u In molting, silver absorbs a considerable amount of oxygon, which in disengaged op 
solidifying. < ho* volume of mol ton silver absorbs tin much oh 22 volumes of oxygen. In 
solid dying, the silver forms cavities like the craters of a volcano, and thrown oil metal, 
owing to tho evobttlml of the gas j all these phenomena recall a volcano on a miniature 
scale (1 hmuui), Hi Ivor which contains a email quantity of copper or gold, A*©., does not 
tlww thin property of dissolving uxyg«m. 

The absorption of oxygen by molten silver j«, however, an oxidation, but. it h at tho 

«MfM! tbno a phenomenon of solution. Ono cubiu rontixmitrc of molten silver can 
4toaalve twimty4wQ cubic centimetres of oxygen, which, even at 0°, only weighs 0‘08 
jptm, whilst l cubic ciinfeiiiiiteo ©! silver weight! at least 10 grama, and therefore it is 
lia|«»i«bln to supposo that tbs absorption of tho oxygon is attended by tho formation of 
any definite cmupnuM (tleh In oxygon) of silver and oxygon (about 48 atoms ©f silver to 
1 of oxygon) in, any other but a dissociated form, and this is the state la which sub- 
stances in solution must bo regarded (Chapter I.) 

be Clmtelier showed that at 1100** and 18 atmospheres pressure silver absorbs so 
imirl* oxygen that It may bw regarded an having formed the compound Ag A 0, or ft 
mixture of Ag.j and Ag#C). Moreover, silver oxide, Ag./\ only decomposes at 1100 ’ undo*; 
low procures, whilst at pressures! ttbovn 10 atmospheres there in no decomposition at 
HP 11 bit only at 4MF\ 

that silver In oxidised by air In tho presence of acids. V. d. Pfordten 
•ocniMtiA tbl%a»tl ihowitd that an acidified solution of potassium permanganate rapidly 

dtf «aol < v*ft Silvev k the of nit. 



may oe 
0 3 and 
c. of a 

omuon.oi J?ec>u 4 ana zw c.o. 01 a w per cenu. solution 
irate. - A lilac precipitate is obtained, which is collected 
e precipitate becomes blue) and washed with a solution of 
t then becomes soluble in pure water, forming a red 
'solution from which the dissolved silver is preci¬ 
pitated on the addition of many soluble foreign bodies. Some of the 
latter—for instance, NH 4 N0 3 , alkaline sulphates, nitrates, and citrates 
—give a precipitate which redissolves in pure water, whilst others—for 
instance, MgS0 4 , FeS0 4 , K 2 Gr 2 0 7 , AgN6 3 ,Ba(N’0 8 ) 2 and many others— 
convert the precipitated silver into a new variety, which, although no 
ar soluble in. water, regains its solubility in a solution of borax 
is soluble in ammonia. Both the soluble and insoluble silver are 

bv sulphuric 
change 
0 latter 
. ounb of 

3 per cent.) in the modified silver (they are not removed by soaking in 
alcohol or water). If the precipitated silver be slightly washed and 
laid in a : smooth thin layer on paper or glass, it is seen that the solublo 
variety is red when moist and a fine blue colour when dry, whilst the in¬ 
soluble v.arietyhas a blue reflex. Besides those, under special conditions 19 


in the manner described above, they throw down a precipitate of a beautiful lilac 
colour; when transferred to a filter paper the precipitate eOon changes colour, and 



fi-3 p.c. wore composed of. Arc they merely impurities, or is the substance some com- 
(pound of silver with Oxygen or hydrogen, or does it contain citric acid in combination 
which might account for its solubility ? The first supposition is sot aside by the fact* 
that no gaseS a$o disengaged by the precipitate of silver, either Under the action of gases 
or when heated. The Second supposition is shown to be impossible by the fact that 
there is no definite relation between the silver and citric acid. A determination of tho 
amount of silver in solutiorr showed that the amount of citric acid varies greatly for one 
and tho fiamo amount of silyor, and there is no simple ratio between them. Among 
other methods of preparing soluble silver given by Carey i Lea>, we may mention tho 
method published by liim in 1891. AgNOj is added to a solution of dextrine in caustio 
«odn. nr nntaah i at first a t reemitate of brown oxide of silver is thrown down, but thuft 





















a golden yellow variety may bo obtained, which gives a brilliant golden^ 
yellow coating on glass ; but it is easily converted into the ordinary 
grcy*im’tnllic state by friction or trituration. There in no doubt 18 M» 

that there is the same relation between ordinary silver which is per¬ 
fectly insoluble in water and the varieties of silver obtained by Carey 

Ltm 18 %fi m there ii between quarts and soluble silica or between 

tirriwii colon r than changes into a reddish chocolate, owing to the reduction of the silver 
by too dextrine, and the solution turns a deep rod. A few drops of this solution turn 
water bright ml, and give a perfectly riaimpturont liquid. The deiferino solution is pre- 
par* h! by tlumulving 40 grama of ©auntie imhIu, and the iomo amount of ordinary brown 
dextrine in t wo litnm of water. To thiu solution its gradually added 28 grams of AgNOj 
du*n. ns ii saimll quantity of water. 

Tin’ mw*lublo »db*tr<»pie silver in obtained, os was mentioned above, from a solution 
of mlvtr prepared in the manner donoribed, by the addition of sulphate of copper, 
iron, barium, mugnmtom, dm. In one exjKjrlment Los. succeeded in obtaining the. 
imtolubU* «dlotn>pio Ag in a crystalline form. The red solution, described above, after 
ataiuUug several weeks, deposits crystals apontenoously to the form of abort black 
ittiiidliii and thin prisms, tire liquid becoming colourless. This insoluble variety, when 
nM upon paper, bM to® appiMmoa ©f bright tototog gmm flakes, which polarise 
Mihi 

The gold variety is obtained in a different maimer to the two other varieties. A 
©olutmii in prepared containing 200 o.o. of a 10 p.c. solution of nitrate of silver, 200 o.o* 
©f a 30 p.e. notation of Rochelle salt, and 800 o.c. of water. Just as in the previous* case 
the reaction consisted in the redaction of the citrate of silver, so in tint cane it consists 
in the reduction uf the tartrate, which here first forms a rod, and then a black precipitate 
of allotropto Ag, which, whim transferred to toe. filter, appears of a beautiful brons© 
oo&tMur. After washing and drying, felt prootpltete aoqulras the lustre and colour 
peculiar to polished gold, and this Im ospsci&Hy remarked where the precipitate comes 
into content with glass or Aim. An analysis of the golden variety gave a percentage 
composition of 96*760 to 98*740 Ag. Both the insoluble varieties (the blue and gold) 
have a different specific gravity from ordinary silver. Whilst that of fused silver is 10*60, 
inti uf finely-divided silver 10*62, the specific gravity of the blue insoluble variety is 9*68, 
ami uf the gold variety 8'fll.* The gold variety passes into ordinary Ag with great ease. 
Thw transition may even fw remarked on the filter in those place® which have acciden¬ 
tally not Won m» entailed with water. A simple shock, and therefor© friction of on© 
pot tide u|m tii another, in enough to convert tho gold variety into normal white silver. 
Corey hm pml samples of the gold variety for a long distance by rail packed in fcliro© 
Mnw, in fMdt tho silver occupied almut tltc quarter of their volume; in one tube only 
|» fined up this spaoa with cotton*wool. It was afterwards found that the shaking of 
the particles of Ag had completely converted It into ordinary white silver, and that only 
tftw tub© ooutetatog the ©ottotewool had preserved the goM«» variety intact 

Tbs sotabto variety of Ag also passes Into the ordinary state with groat ease, the 
ImI of touvsitfoti butag, .as Prangs sboiNkl to 1890, about +00 oaloriss. 

ii m flCfc* optokm of tha ante® el foluldc silver given below was first enunciated In 
to© Journal of tho Bmdem Chrrmoal SoeMy t Fbbrowy 1* 1990, Vol. XXH., Note 78. 
This view In, at too present rime, pfwmtty aooeptod, and this silver is frequently known 
m the * colloid ' variety. X may add that Carey lea observed tho solution of ordinary 
molecular silver in ammonia without the access of air. 

m *fi ii in, however, noteworthy tout ordinary metallic load ha® long been considered 
•elshte to water, toat boron ha* boon repeatedly obtainod to a brown eolutkto, and that 
#tl»?ari©*it upon th« development ©t certain bacteria have shown that the latter dfe In 
waiter whteh has 1mm tat sops time to ©ooteet with motels. This §©«m« to todloate to® 
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CJuS and As 2 S 2 in their ordinary insoluble forms and in the state of 
the colloid solution of their hydrosols (see Chapter I., Note 57, and 
Chapter XVII.,. Note 25 bis), fiere, however, an important step in 
advance has been made in this respect, that we are dealing with the 
solution of a simple body, and moreover of a metal— i.e. of a particu¬ 
larly characteristic state of matter. And as boron, gold, and certain • 
other simple bodies have already been obtained in a soluble (colloid) 
form, and as numerous organic compounds (albuminous substances, 
gum, cellulose, starch, &c.) and inorganic substances are also known in 
this form, it might be said that the colloid state (of hydrogels and hydro- 
sols) can be acquired, if not by every substance, at all .events by sub¬ 
stances of most varied chemical character under particular condition^ 
of formation from solutions. And this being the case, we may hope 
that a further study of soluble colloid compounds, which apparently 
present various transitions towards emulsions, may throw a new light 
upon the complex question of solutions, which forms one of the problems 
of the present epoch of chemical science. Moreover, we may remark that 
Spring (189Q) clearly proved the colloid state of soluble silver by means 
of dialysis as it did not pass through the membrane. 

As regards the capacity of silver for chemical reactions, it is 
remarkable for its small capacity for combination with oxygen, and for 
its considerable energy of combination with sulphur, iodine, and cer¬ 
tain kindred non-metals. Silver does not oxidise at any tomperaturo, 
and its oxide, Ag 2 0, is decomposed by heat. It is also a very impor¬ 
tant fact that silver is not oxidised by oxygen either in the presence of 
.alkalis, oven at exceedingly high temperatures, or in. the presence of 
acids—at least, of dilute acids—which properties render it a very 
important metal ip, chemical industry for the fusion of alkalis, and also 
for many purposes in everyday life; for instance, for making spoons, 
salt-cellars, <fec. Ozone, however, oxidises it. Of all acids nitric acid 
has the greatest action on silver. The reaction is accompanied by the 
formation of oxides of nitrogen and silver nitrate, AgN0 3 , which 
dissolves in water and does not, therefore, hinder the further action of 
the acid on the metal. The halogen acids, especially hydriodic acid, 
act on silver, hydrogen being evolved ; but this action soon stops, 
owing to the halogen compounds of silver being insoluble in water and 
•only very slightly soluble in acids; they therefore preserve the remaining 
moss of metal from the further action of the acid ; in consequence 6t 
this the action of the halogen acids is only distinctly seen with finely*’ 
divided silver. Sulphuric acid pets on silver in the same manner that 
• it does on copper, only it must bp concentrated and at a higher 
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but there is no action at tho ordinary temperature, even in the presence, 
of air. Among the various salts, sodium chloride (in the presence of 
moisture, air, and carbonic acid) and potassium cyanide (in the presence 

of air) act on silver more decidedly than any others, converting it respec* 
lively into silver chloride and a double cyanide. 

Although silver doe# not directly combine with oxygen, still three 
different ^grades of combination with oxygen may be obtained indi-* 
rootJy from the salts of silver. They are all, however, unstable, and 
decompose into oxygen and metallic silver when ignited. These three 
oxides of silver have the following composition ; silver suboxide, 
Ag 4 0,^ corresponding with the (little investigated) suboxidos of the 
alkali metals ; atfvor oxide, Ag a O, corresponding with the oxides of the 
alkali metals and the ordinary salts of silver, AgX ; and silver peroxide, 
AgO,* y or, judging from BcrtholoVs researches, Ag t O a . JSUver oxide 
is obtained as a brown precipitate (which when dried does not contain 
water) by adding potassium hydroxide to a solution of a silver salt— 
lor example, of silver nitrate. The precipitate formed seems, however, 

s» Hilver subnxido (Ag 4 0) or argon tmis oxide is obtained from argentic citrate by 
htstvtlng it to 100° In a stream of hydrogen. Water and argontous citrate are then 
formed, and the latter, although but slightly soluble in water, ' give® a reddish* 
brews •olutioa of colloid silver (Note 18), and when boiled this solution becomes 
eoteuxtess and deposit# toiaUio silver, the argentic salt being again formed* Wbhlsr, 
who discovered this oxide, obtained it m a black precipitate by adding potsttiuin 
Jiydreadde to the above tolpUob of argentous citrate. With hydrochloric add the 
saboato give* a tapm compound, Ag ft 01. Since th# discovery of soluble- diver the 
above dalabgsmot bf tsga^ed m perfectly trustworthy; it‘ is probable that a mixturo of 
Ag 3 and Ag a O was being dealt with, so that the actual existence of Ag 4 Q is now 
doubtful, but there can be no doubt, aft to the formation of a s^hohlorido, Ag a Cl (see 
Note MS), corresponding to the suboxide. The same comjxmnd is obtained by the action 
of light on the higher chloride. Other adds do not combine with silver auboxjulo, but 
o<mv**rt it into an argentic wait and metallic nilvor. In this respect ouproim oxide 
preiiiinti* a certain mteiublimoft to these snboxid<m. But copper forms a enboxido of 
the oompoiiition CU4O, which ia obtained by the action of an alkaline sedation of 
stannous oxide on cupric hydroxide, and la decomposed by acids into cupric aedts and 
xuotidlio mfffpw. The problems offered by to suboxidos, m well as by the peroxides, 
ewaftot bo considered m fully solved. 

» Mi Ww pmmUsh AfO m Ag*0jt, l« obtalaod by to d«oompo»ltlw of a dilute 
CIO p*e«j solution of 1 &rm alfepate by to action rtf a galvaate current (Bitter). On to 
positive polo, where oxygen I# usually evolved In to decomposition 0! salts, brittle grey 
needles with a metallic lustre, which oeeaslonidly attain a somewhat pcnriderable to, 
mm then formed. They are Insoluble In water, and decompose with to evolution of 
oxygen when toy are driest and heated, especially up to 160 °, and, like lead dioxide, 
barium jmmxide, &&., their action iu strongly oxidising. When treated with acidn, oxygen 
t$ ©volvixd and a edit of to oxide formed. Silver peroxide absorbs sulphurous anhydride 
mi forms silver sulphate. Hydrochloric acid evolves chlorine; ammonia reduces to 
fgwtetfttd is itsaH oxidised, forming water and gaseous nitrogen, Analytics of to above* 
IMliMlA crystals show tot toy contain silver nitrate, peroxide, and water. Acoordtag 
to Utosr* tor have to oomodriticMa 4AaO.AjrNObHaO, and, according to Bartotofc 


be an hydroxide, AgHO, t.e. AgN0 3 + KHO = KK0 3 + AgHO, 
and the formation of the anbydxxma oxide, 2AgH0 =5 Ag a O + H 3 0> 
may be compared with the formation of the anhydrous cupric oxide by 
the action of potassium hydroxidp on hot cupric solutions. Silver 
hydroxide decomposed into water and silver oxide, even at low 
temperatures; at least, the hydroxide no longer exists at 60°, but 
ftorms the anhydrous oxido, Ag a 0. l9trl Silver oxide is almost 
insoluble in water ; but, nevertheless, it is undoubtedly a rather 
powerful basic oxide, because it displaces the oxides of many metals 
from their soluble salts, and saturates such acid 8 us nitric acid, 
forming with them neutral salts, which do not act on litmus paper. 2 ® 
Undoubtedly water dissolves a small quantity of silver oxide, 
which explains the possibility of its action on solutions of salts—for 
example, on solutions of cupric salts. Water in which silver oxide 
is shaken up has a distinctly alkaline reaction. The oxido is dis¬ 
tinguished by its groat instability when heated, so that it loses all its 
dxygon when slightly heated. Hydrogen reduces it at about 80°. 20 
The feebleness of the affinity of silver for oxygen is shown by the fact 
that silver oxide decomposes under the action of light, so that it must b§ 
kept in opaque vessels. The silver salts are colourless and decompose 
when heated, leaving metallic silver if the elements of the acid are 
volatile. 20 m They have a peculiar metallic taste, and are exceedingly 
poisonous ; the majority of them are acted on by light, especially in 
the presence of organic substances, which are then oxidised. The 
alkaline carbonates give a white precipitate of silver carbonate,, 
Ag 2 C0 3) which is insoluble in water, but soluble in ammonia and, 
ammonium carbonate. Aqueous ammonia, added to a solution of a 
normal silver salt* first acts like potassium hydroxide, but'the precipitate 
dissolve! in 4n excess of the reagent, like the precipitate of cupric 

lr4 According to Carey Lea, however, oxide of alive* still retains water even at 100°, 
and only parts with it together with tho oxygen. Oxide of silver is used for colouring 
glass yellow. 

30 Tho reaction of Pb(OII) a upon AgHO in tho presence of NaHO leads to tho 
formation of a compound of both oxides, PbOnAg./), "from which tho oxido of load 
cannot bo roijiovod by alkalies (Wohler, Lotou). WbhloV, Welch, and others obtained 
crystalline double Bolts, JtyAgXg, by tho action of strong solutions of RX of the halogen 
gaits of tl 10 alkaline metals upon AgX, where RewCfl, Itb, K. 

According to MUllor, ferric oxide in reduced by hydrogen 1 " (tee Chapter XXII., 
Note 0) at 20d° (into what £)» cupric oxide at 140°, Ni^O&at, 150°; niokelous oxide, NiO, 
|s reduced to the suboxide, NifO, at 105°, and to nfokel at 270° ; due oxide requires to 
high a temperature for its reduction that the glass tube iff which MEller conducted the 
experiment did not stand the heat; antimony oxide requires a temperature of 215° for 
its reduction ; yellow mercuric oxide is reduced at ISO 0 and the red oxide at 280° ; silver 
oxide at H5 l> , and platinum oxide even at the ordinary temperature. 

* >trl A silica compound, Ag a OSi0 9 is obtained by fusing AgNOj with silica; this salt 

ifi hKIa fn /wrirtrjir'i tAorrtnrr A et 4. 



hydroxide. 31 Bflvcr oxalate and the halogen compounds of silver are 

insoluble in ; hydrochloric acid and soluble chlorides give, 

ns already repeatedly observed, a white precipitate of silver chloride 
in solutions of silver salts. Potassium iodide gives a yellowish 
precipitate of silver it dido. Zinc separates all the silver in a metallic? 
form from solutions of silver salts. Many other metals and reducing 
agents—for example, organic? substances—also reduce silver from the 
solutions of its salts. 

Silmr nitmtti, AgNO a , is known hj the name of lunar caustic 
(or Itqnn inferndin) ; It is obtained by dissolving metallic silver 

in nitric acid. If the silver bo impure, the resultant solution will 
odntnin a mixture of the nitrates of copper and silver. If this mixture^ 
be evaporate! to dryness and the residue carefully fused at ai^ 
incipient red heat, all the cupric nitrate is decomposed, whilst the 
greater part of the silver nitrate remains unchanged. On treating 
t&e fused mass with water the latter is dissolved, whilst the cupric 
oxide remains insoluble. If a certain amount of silver add© be added 
to the solution containing the nitrates of silver and copper, it displaces 
all the cupric oxide. In this case it is of course not necessary to take 
pure silver oxide, but only to pour oft* some of the solution and to add 
potassium hydroxide to onto portion, and to mix the rosultapt pre¬ 
cipitate of the hydroxide*, €u(OH) t and AgOH; with tli© remaining 
portion.** By these methods all the copper can be easily removed and 

s * II a ookitiou of a aOver a&lfc be pMo!pitete<l by eodiura hydroxide, and aqueous 
I« added d»p by drop until the precipitate i« completely dissolved, the 
liquid when evajKimtod deposit* a violet mans of crystalline silver oxldti. H raoiit silver 
oxide bo loft in a strong solution of ammbnia it gives a black moss, which easily deeom- 
pesoa with a low! explosion, especially when struck. Thit black autetaaos i« called 
ftthniimtinf silver. I^tibably this is a compound like the other compound* of oxides 
with amnwuiu* and In exploding ths oxygen of the stiver oxide forma water with the 
hydrogen of tlio ammonia, which li naturally socomptnied by die evolution of heat anti 
fckmsiha dt nitrogen, or, m Itesehig itstas, falntfnstfag silver oontains NAtfs or 

ops of tbt imite (for Instance, fcHAg«**NII 3 + AffO^HfO). Fulminating silver l» also 
formed when potassium hydroxide I« added to a aoluttoa of silver nitrate in ammonia, 

Tk' iwpipfciui vviut h are pedwwid by tbi i mox^mmA suds It needful that. 

emmaJk mam t» wllfili g fit t # flf fltver e&Xns Int o ww nt f W t with iimfttimltr mmA cJOkfidkr 
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0m solution® of,its salts, wA <ulv*r oxide displace® copper oxide from cupric salts. 












'pure silver nitrate obtained (its solution is colourless, while the presence 
of Cu renders.it blue), which may be ultimately purified by crystallisa¬ 
tion. It crystallises in colourless transparent prismatic plates, which 
are not acted on by air. They are anhydrous. Its sp. gr. is 4*34 ; it 
dissolves in .half its weight of w&ter at the ordinary temperature. 22bls 
The pure salt is nob acted on by light, but it easily acts in an oxidising 
manner on the majority of organic substances, which it generally 
blackens. This is due to the fact that the organic substance is oxidised 
by the silver nitrate, which is reduced to metallic silver; the latter is 
thus obtained in a finely-divided state, which causes the black stain. 
This peculiarity is taken advantage of for marking linen. Silver nitrate 
is for the same reason used fdr cauteHsing wounds and various growths 
*on the body. Per© again it aots by virtu© of its oxidising capacity in 
destroying the organic matter, which it oxidises, as is seen from the 
Reparation of a coating of black metallic powdery silver from the part 
^cauterised , 22 tri From the description of the preparation of silver nitrate 
’.it wfil have been seen that this salt, which’ fuses at 218°, does not 

give more stable compounds than those of copper oxide. This is verified by the figure® 
and data of their reactions. It is impossible to caloulato for cuj^rio nitrate, beoause this 
salt has not yet been obtained an anhydrous state; but thb sulphates of both oxides 
are known. The speoifio gravity of copper sulphate'in an anhydrous state, is 8*58, and of 
silver sulphate #*80; the molooular volume of the former is 46, and of the latter 68. 
The group &O 5 in the ooppor occupies, as it were, a volume 45—18 « 82, and in tho silver 
Salt a volume 68—82 » 26; benco a smaller contraction has taken place in tho formation 
of tho ooppor salt from the oxide than in the formation of tho silver salt, and conse¬ 
quently the latter should bo more stable than the former. H$neo silver oxide ia 
able to decompose the salt of copper oxide, whilst with respect to the metals both salt® 
have been formed with an almost identical contraction, since 68 volumes of the silver 
salt contain fil volumes of metal (difference—87), and 46 volumes of the oopper salt 
contain 7 volumes of copper (difference * 88 ). Besides which, it must be observed that 
copper oxide displaces iron oxide?*just .as silver oxide displaces oopper oxide. Silver, 
copper, and iron, in the form of oxides, displace eaoh other in the above order, but in the 
form of metals in a reverse order (iron, oopper, silver). The cause of this order of the 
displacement of the oxides lies, amongst other things, in their composition. They have 
tho composition Ag a O, OuaOa, ’Fe^Og; tho oxide containing a less proportion of oxygen 
displaces that containing a larger proportion, because the' basic character diminishes 
1 with tho increase of contained oxygon. 

Copper also displaces mercury from its salts. It may here be remarked that Spring 
(1888), on leaving a mixture of dry mercurous chloride and copper for two hours, 
observed a distinct reduction, whioh belongs to the category of those phenomena which 
demonstrate tho existence of a mobility of ports (ie. atoms and molecules) in solid* sub* 
.'stances. 

m The reaction of 1 pqr{( by weight of AgNO$ requires (according to Kramers) the 
following amounts of water; at 0°, 0*82 part, at ld°*5, 0*41 part, at 54°> 0*20 part, 
a& 110®, 0*09 part, and, according to Tilden# at 128®, 0*0017* part, and at 188°, 0*0515 
part. 

start it m ay bo remarked that tho black stain produced by the redaction of metallic* 
silver disappears under the action of a solution of merchrlo chloride or of potassium 
Cv&nide. because these salts aet on flnelv-divided silver. 








m at an incipient red heat ; when oast mto sticks it is usually 
ii far cauterising. On further heating,, the fused salt undergoes 
wgtion, first forming silver nitrite and then metallic .silver, 
stunonia, silver nitrate forms, on evaporation of the solution, 
as crystals containing AgNO a ,2KN* (Marignac). In general 
i of silver, like cuprous, cupric, s&no, fact, salts, are able to give 
sorapouad» with ammonia ; for example, silver nitrate in a dry 
sorbs three molecule* (Roue), The ammonia k generally easily 
i from these compounds by the action of heat 
nto of silver easily forms double salts like AgN0 8 2NaN0 a and 
ItNOjj. Silver nitrate under tho action of water and a halogen 
f-rio acid (mm Vol I. p% 280, formation of N a O 0 ), a halogen salt of 
nd ii diver salt of an oxygen acid of the halogen. Thus, for 
s, a station of chlorine in water* when mixed with a solutiQn of 
itrate, gives silver chloride and chlorate. It is here evident that 
stion of the silver nitrate k identical with the motion of the 
alkalis, m the nitric acid is all set free and the silver oxide only 
n exactly the same way in which aqueous potash acts on free 
i, lienee the reaction may be expressed in the following 
■: fiAgNO* + m t + 3H*0 « «Ag01 + AgClO* 4* 6NUO t . 
or nitrate, like the nitrate of the alkalis, does not contain any 
of crystallisation. Moreover the other salts of silver almost 
separate out without any water of crystallisation. The silver 
re further characterised by tike fact that they gim mith&r 
mr <md owing to which the formation of diver salts 
ly forma the means of determining the true composition of 
thus, to tmy acid II*X there corresponds a salt Ag*X—for 
n, Ag 3 r0 4 (Chapter XIX., Note 15). 

vr given insoluble and exceedingly stable amipound* with tha 
m. They are tdrained by double decomposition with groat 
whtmovor ft diver salt cornea in contact with halogen salts. 
m of nitrate, sulphate, and all other kindred salts of silver give 
pitate of sUver chloride or iodide la solutions of chlorides and 
and of the halogen acids, because the halogen salts of silver are 
ilo both to water 11 and in ot bm aoids. SUvw Moridt, AgOl, is 

kt*r ohlciritl© I# turnout fKnrfsotiy innolabk In wator, but In anmuwhafc soluble in 
ut&iui»K wkIiuhi ohkriik of hydftx&ikrk act!, or othor uhkri*k:s # iiiid tunny iwUto, 
mt. Tima at UMV, loo |»trtsi of imtor imturttioil with indium chkr»*k Uitwolv* 
of nilvill* ehkruk. Brumhk iiu«l Irniiik of mlvur urn kmi tinluhk in thk roftpyot, 
B w|«tl to oihqr uolvyuti, It tkftttht bo rtmmrfctl that sitwr chUnitU dittvltx* 
4#m of ammonia, |#c dasdum tyanida, and of sodium thiosulphate, N%BgO^ 
fafflijAt I* almost pesfiwtly tual<Hfou* to tbit chkrftk, hut iittvor loUIdo Ii amrij 

jk link <£i mmMmikiMim a# fittvM miih *.1k*AvK«k .1 m. mta 


then obtained as a white flocculent precipitate, diver bromide forms & 
yellowish precipitate, and silver iodide has a very distinct yellow 
colour. These halogen compounds sometimes occur in nature; they 
are formed by a dry method—by the action of halogen compounds on 
silver compounds, especially under the influence of heat. Silver chlo¬ 
ride easily fuses at 451° on cooling from a molten state j it forms 
a somewhat soft horn-like mass which can be cut with a knife 
and is known as horn diver . It volatilises at a higher tempera* 
lure. Its ammoniacal solution, the evaporation of the ammonia, 
deposits crystalline chloride of silver, in octahedm* Bromide and 
iodide of silver also appear in forms of the regular system, so that in 
this respect the halogen salts of silver resemble the hrlogen salts of the 
alkali metals ; 24 

forming very unstable ammoniacal compounds. When heated, these compounds (Vol. X. 
p. 250, Note 8) evolve the ammonia, as they also do under the action of all acids. Silver 
chloride enters into double decomposition with potassium oyanide, forming a soluble 
double cyanide, which wo shall presently describe; it also forms a soluble double salt, 
NaAg8 2 0 3 , with sodium thiosulphate. 

Silver chloride offers different modifications in the structure of its molecule, as is seen 
in the variations in the consistency o! the precipitate, and in the differences in the aotion 
of light which partially decomposes AgCl {see Note 26). Stas and Carey Lea investigated 
this subjjeot, which has a particular importance in photography, because silver bromide 
also gives photo^mlts. There is still much to be discovered in this respect, since Abney 
showed that perfectly dry AgCl plaoed in a vacuum in the dark is not in tho least acted 
upon when subsequently exposed to light. 

to Silver bromide and iodide (wniob occur as the minerals bromite and iodite) 
resemble tho chloride in many respects, but the degree of affinity of silver for iodine fa 
greater than that for chloride and bromine, although less heat is evolved (sea Note 2$ bis}. 
DeviUe deduced this fact from a number of experiments. Thus silver chloride, when 
treated with hydriodio acid, evolves hydroohlorio aoid, and forms silver iodide. Finely* 
divided silver easily liberates' hydrogen when treated with hydriodio aoid; it produce^ 
the same decomposition with hydroohlorio aoid, but in a considerably less degree and 
only on the surface. The difference between silver chloride and Iodide is especially 
remarkable, sine* the formation of the former is attended with a greater Contraction 
than that of the latter. The volume of AgCl«&6; of Chlorine 27, of silver 10, the sum 
«87, bonce a contraction has ensued; and in the formation of silver iodide an expansion 
takes place, for the volume of Ag is 10, of! 26, and of Agl 80 instead of 80 (density, 
AgOl, 5'69; Agl, 6*C7). The atoms of chlorine have united with the atoms of silver 
Without moving asunder, whilst the atoms of iodine must have moved apart in 
combining witl^ tho silver. It is otherwise with respect to tho metal; the distanoe 
between its atoms in tho metal®2*2, in silver chloride'<= 8‘Q, and in silver iodide 
m$'8 j honce its atoms havo moved asunder considerably in both cases. It is also very 
remark&bfot as Fizoau observed, that the density of silver iodide increases with a rise o0 
temperature—that is, a contraction takes place when it is heated and an expansion wheqi 
it is coded. 

Xu order to explain tho fact that in silver compounds the iodide is more stable than 
the chloride and oxide, Professor N. N, Beketoff, in his ‘Besearches on the Phenomena 
of Substitutions ’ (Kharkoff, 1866), proposed the following original hypothesis, which We 
will give in almost the words of the authorIn the case of ahiminiqm, the oxide, ALjO s , 
is more stable ihpn the chloride, A1 2 C1<j, and the iodide, Al^. In the oxide the amount 
a? thA mAtfil in to the amount of the dement,combined with it as 64*8 (AI«27*8) is to 4& 






Silver chloride may be decomposed, with the reparation of silver 
oxide, by heating it with a solution of aft alkali, and if an organic 

or in tho ratio H‘2 : 100 ; for tho chloride dm ratio : 100 ; for tho iodide it«®7 : 100 
In the cane of silver the oxide (ratio • * HUH): 100 ) it Iit|* stable than the chloride (ratio 

• 004:100 ), and the iodide (ratio of the weight of metal to tho weight of tho halogen 

• 80:100 ) I§ the most stable. Froir thole and similar examples it follows that tho most 
stable compounds arc those in which the weights of the combined substances are equal. 
This may be partly explained by tho attraction of similar molecules even after their 
having passed into combination yvith others. This attraction is proportional to the 
product of the acting masses, fn oilvcr oxide the attraction of Agt for Agt»SXfl x 810 
*n 46,650, and tho attraction of Ag 3 ' or O»810 x 16 w 8,400. Tim attraction of like mole¬ 
cules thus counteracts tho attrac .on of the unlike molecules. The former naturally 
doon not overcome tho latter, otherwise there would bo a disruption, but it nevertheless 
dimininhoH tho at ability. In tho cane of an equality or proximity of tho magnitude of 
tho combining miwwoh, tho attraction of tho like jnurts will counteract tho etability of the 
compound to the leant extent— in other words, with an inequality of tho combined manses, 
tho molecules have a i inclination hi return to an elementary state, to docomjtnse, which 
doos not exist to such an extent where tho combined masses are equal. There is, there¬ 
fore, a tendency for large masses ft combine with large, and for small masses to combine 
with small. Benoc' Ag t 0 + SKI give* K®0 + SAgX. The influence of m equality of 
masses on the stability Is scon particularly clearly in the effect of a rise of temperature. 
Argentic, mercuric, auric and other oxides composed of unequal masses, arc feomewhat 
readily decomposed by heat, whilst tho oxides of the lighter metals (like water) are not so 
easily decomposed by heat. Hilver chloride and iodide approach the condition of 
equality, and are not decomposed by heat. The most stable oxides under the tuition of 
heat are those of magnesium, calcium, silicon, and aluminium, since they alee approach 
the condition of ©quality. For the same reason hydriodlo acid decomposes.with greater 
facility than hydxooktarto acid. Chlorine docs not act on magnesia or alumina, but It 
acts on lime and silver oxide, &o. This is partially explained by the fact that by eon- 
tldtring boat as a modi of motion, and knowing that the atomic heats of the free oUmspts 
arc equal, It must be supposed that the amount of the motion of atoms (their rit vim) I# 
equal, and as It if equal to the product of the mass (atom weight) Into the square of the 
velocity, it follows that the greater the combining weight the smaller will be the square 
of the velocity, and if the combining weights be nearly equal, then the velocities also will 
be nearly equal. Hence the greater the difference between the weights of the combined 
atoms the greater will be tho difference between their velocities. The difference between 
the velocities will increase with the tomisiratxiro, and therefore the temperature of de¬ 
composition will he the soouer attained the greater 1 h| the original difference - that is, 
the greater the diffcrencu of the weights of tho combined substances. Tho nearer these 
Weights arc to cadi other, the more analogous the motion of tho unlike atoms, and con* 
•squently, the more stable the resultant oompouxul. 

Tbs iart&biUty of cupric chloride and nitric oxide, the absence of compounds of fluorine 
with oxygen, whilst there are compounds of oxygen with chlorine, the greater stability of 
the oxj$m ^mpowA of iodine than those of eMoriwi, the stability of boron nitride, end 
thatostsb&ityof ^i»^«,iayiamu»b«r of stollartettwc^, a hue, lodging from the above 
argument, erne would expect (owing to the closeness of the atomic weights) a stability, 
show that Boketoffi addition to the mechanical theory of chemical phenomena in nidi 
far from sufficient for explaining the true relations of affinities. Nevertheless, in hj§ 
mode of explaining tho relative statolith** of compounds,, we And un exceedingly int -rest* 
tog treatment of questions of primary importance. Without such efforts it would be 
tmposMbtojio gouerahsc the complex data of experimental knowledge. 

pfdhwr, AgF, to obtained by dissolving Ag*0 or AgjCOs in kydreioorfo arid* 
It. diilere from Mwi ott*r h«Jtog«ti salts of silver in being soluble in water (I part of till in 
,<N»kt «#•*)» IftceyitalllsMtoomits solution in prisms, AgFHaO (Marigaac), or AgF8lI s O 



substance bo added to the alkali the chloride can easily be reduced to 
metallic silver, the silver oxide being reduced in the oxidation of the 
organic substance. Iron, zinc, and many other metals reduce silver 
chloride in the presence of water. Cuprous and mercurous chlorides 
and many organic substances are also able to reduce the silver from 
chloride of silver. Tins shows the rather easy dccoinposability of the- 
halogen compounds of silver; Silver iocjido is much more stable in this 
respect than tlio chloride. The same is also observed with respect to 
the action of light upon moist AgCL White silver cldorido soon acquires 
a violet colour when exposed to the notion of light, and especially 
under the direct action of the sun’s rays.* After being acted upon 
by light it ■ is no longer entirely soluble in ammonia, .but leaves 
metallic silver undissOlved, from which it might be assumed that the 
notion of light consisted in the decomposition of the silver chloride 
into chlorine and metallic silver and in fact the silver chloride be¬ 
comes in time darker and darker. Silver Bromide and iodide are much 
more slowly acted on by light, and, according to certain observations, 
whan pure they are oven quite unacted on ; at least they do not change 
in weight, 14 ** So that if they are acted on by light, the change they 
undergo must bo one of a change in the structure of their parte and not 
of decomposition, as it is in silver chloride. The silver chloride under 
the action of light changes in weight, which indicates the formation of 
a volatile product, and the deposition of metallic silver on dissolving 
in ammonia shows the loss of cldorino. The change does actually 
occur under the action of light, but the decomposition does not go 
las far as into chlorine and silver, but only to the formation of a sub- 
chloride of silver, Ag s Cl, which is of a brown colour and is easily de¬ 
composed into metallic silver and silver chloride, Ag 2 01 « Agd 4* Ag. 
This change of the chemical composition and structure of the halogen 
salts of silver under the action of light forms the basis of photography, 
Imcaus© the halogen compounds of silver, after having been exposed to 
light, give a precipitate of finely-divided silver, of a-black colour, 
when treated with reducing agents.*® 

solution of AgjF, obtained fluoride of silver, Ag»F, which is deoompomtfl by water 
Into AgF 4 Ag. It in tdtw» formed by tlw action of a strong solution of AgP upon ftody- 
divlded (precipitated) silver. 

** w* Tbs ohanges brought about by the action of light ateoseitaA* dlstiagxtishing the 
pboto-eaJtts of silver. 

» In photography those are called * developers/ The meet common developers arc: 
aelutions of ferrous sulphate, pyrogahol, ferrous oxalate, bydroxylamtoe, potassium sul¬ 
phite, hydroquinone (the last acta particularly well and is very convenient to use), &e. The 
chemical processes of photography are of great practical and theoretical "totercet; but it 
would bo impossible to this work to enter into this special branch of chemistry, which has a* 

4* % * t 4 a r _ ^ aw » il *KT .hi w«a 11 muivimi 



The insolubility of tho halogen compounds of silver forma tho 
basis of many methods used in practical chemistry. Thus by means qf 
this reaction it is possible to obtain salts of other acids from a halogen 
salt of a giyen metal, for instance, ItCl 2 + 2 AgN( > 3 =* lt(N4* 2AgCL 
Tho formation of the halogen compounds of silver is very frequently 
used in thq' investigation of organic substances ; for example if any 
product of mgtalepsis containing iodine or chlorine be heatod with a 
silver salt or silver oxide, tho silver combines with the halogen and 
gives a halogen salt, whilst tho elements previously combined with tho 
silver replace halogen. For instance, ethylene dibromide, 
is transformed into ethylene diaeetato, C. i IC 4 (C ;J ll/) s ). i , and silver 

to consider cortiui^d^ptwtA of this uubjoot which are of a purely chemical interest, and 
especially tho facts concerning mbchloriiio of nitv&r t Ag^Cl (nv -ISftto XV), and tho photo- 
sal tu (Koto *28). There it no dembt that under tho notion of light, AgCl twomnon darker 
in ,colour, doorossws hi weight, and probably forms a mixture of AgCl, Ag^Ol, and Ag. 
But tho Isolation of fcht ftobehkwid® has only been recently accomplished by GUnts by 
nutans of the AfeF, discovered by him («@# Not# M). Many ohemist* (and among them 
Ilodgklnsnn) iwiitumtd that m oxychloride of silver was formed by t&e decomposition of 
AgCl under tho action of light. Ofcmy Lea's (XBH8) and A. Btohardson’t (1HU1) experiments 
showed that the product tunned *doos not, however, contain any oxygen at all, and tho 
change in colour produuud by tlwv,action of hght upon AgCl in moat probably duo to the 
formation of Ag.jCl. This HubtttaiuMt wu» isolated by (Hints (IHUi) by panning Htll over 
crystals of Ag.jF. Ho also obtained Ag 2 I in a similar manner by passing HI, and Ag$H 
by passing over Ag d F. Ag$&l is tat prejiorod by tho mUm of phosphorus tri- 
cMoride upon Ag^F. At Hit tampetatura of its formation AgfCI has to easily cliawgimblo 
tint, with shades of vblct r*d to Hokt black, Under tho action of light a titular 
flsomeric) substance is obtained, which splits up Into AgOl 4* Ag when heated. With 
potassium cyanide Ag*€l gives Ag+AgCN + KCl, whence it Is possible to calculate the 
heat of formation of AgjCl; it«* M ; ?» whilst tho heat of formation of AgCl « lib8—i.e. tho 
ffliwithm *2AgCP» Ag.jCl + Cl eomiiniondft to an absorption of 9H'7 major calories. If wo 
admit the formation of such a compound by the action of light, it is evident that the energy 
of the light is consumed in the above reaction. Carey Im*u(]HU' 2) subjected AgCl, Agllr, and 
Agl to a premium (of course in the dark) of :i,0ou atmospheres, and to trituration with 
water in a mortar, and observed ft change of colour indicating incipient decomposite n, 
which i» facilitated under the action of light by the molecular mirmnta Hot up iLouttojutoff, 
Bguroff). The change of colour, of the halogen im.ltsi of silver under the action of light, 
and their faculty of sutatjnontiy giving a visible photographic image under the action of 
' developers,* must now \m regarded an cnimootad with the decomposition of AgX, leading 
to tho formation of Ag*X» and tho diffurtmt tinted photo-salt* must Im ennsidiired ns 
systems containing such Ag§X?s. Cwrty Lea obtained photo-salt* of this kind not only by 
th« action of light but also In wdmy other ways, which wo will tmurnwratc to prove that 
they contain the products of m Incomplete combination of A g with tho halogwns, f for the 
salts Ag a X must ot wptfdtd attach). Tho phote-wdtii have tarn obtoimxl (I) by the 
Imperfect ddorittatlon of silverj ft) by tho bicomplete decomposition of Ag a O or Ag?<h >3 
by alternately boating and treating with a halogen acid; (B) by the lud-ion uf nitric mm! 
or upon AgiCl; (4) hy iqlxing a solution of AgNO, with the hydi.itrss e! Fell, 

IdnO and CrO, imd procijvitating by 1101; (ft) by the notion of IIC!1 upon the product 
obtained by tho reduction of oitrhto of silver m hydregen (Note I|i), and pi) by the action 
of milk sugar upon AgNO# togetlwr with imkIw mul afterwards iwihlutating with HC1. All 
Ito t i ' fttic^o&s should lead to tho formation of products of imp«*rfiH*t combination with 
Hm> lialegt^m sad gift ^koto-sedta of a similar divarsity of colour to thos*t prcsluctd 



vantage of in determining the amount of silver and halogen in a given 
solution. If it is required, for instance, to determine the quantity of 
chlorine present in the form of a metallic chloride in a given solution, 
a solution of silver nitrate is added to it so long as it gives a pre¬ 
cipitate. On shaking or stirring the liquid, the silver chloride easily 
settles in tlio form of heavy Hakes. It is possible in this way to 
precipitate the whole of the chlorine from a solution, without adding 
an excess of silver nitrate, sine© it can be easily seen whether the 
addition of a fresh quantity of silver nitrate produces a precipitate in 
the cleat liquid. In this manner it is possible to add to a solution 
containing chlorine, as much silver as is required for its entire precipi¬ 
tation, and to calculate the amount of chlorine previously in solution 
from the amount of the solution of silver nitrate consumed, if the 
quantity of silver nitrate in this solution has boon previously deter¬ 
mined. 35 bi$ The atomic proportions and preliminary experiments with 
a pure salt—for example, with sodium chloride—will give the amount 
of chlorine from the quantity of silver nitrate. Details of these 
methods will be found in works on analytical chemistry. 25 *** 

w In order to determine when the reaction, !b at an end, a few drops of a solution 
of K^CrC* arc added to the solution of the chloride. Before all the chlorine is precipitated 
au AgCl, the precipitate (after shaking) is white (since Ag^CrO* with 2BC1 gives QAgCl); 
but when all the chlorine is thrown down Ag-jCrOj is formed, which colours the precipi¬ 
tate reddish-brown. In order to obtain accurate results the liquid should be neutral 
to litmus. 

ta trt Silver cyanide, AgCN, i» 'closely analogous to the haloid salts of silver. It is 
obtained, in similar manner to silver chloride, by the addition of potassium cyanide to 
•liver nitrate. A white precipitate is then formed, which is almost insoluble in boiling 
water. It it also, like silver chloride, insoluble in dilute acids. However, it is dissolved 
when heated with mtrio acid, and both hydriodio and hydrochloric acids act on it, con¬ 
verting it into silver chloride and iodide. Alkalis, however, do not act on silver cyanide, 
although they act on the other haloid salts of silver. Ammonia and solutions of the 
cyanides of tho alkali metals dissolve silver cyanide, as they do the chloride. In the 
latter coho double cyanides are formed—for example, KAgC^Ng. This salt is obtained in 
a crystalline utate on evaporating a solution of silver cyanide in potassium cyanide. It 
is much morn titahlo tluui silver cyanide itself. It has a neutral reaction, docs not 
dxangu in tho air, and dtxm not nmoll of hydrocyanic acid. Many acids, in acting on a 
solution of thin doubjo :talt, precipitate tho insoluble silver cyanide- Metallic silver dis¬ 
solves in a solution of |xitaiwium cyanide in tho presence of air, with formation of 
the mm double salt and potassium hydroxide, and when silver chloride dissolves in 
potassium cyanide it forms potassium chloride, besides the salt KAgCjN* This double 
wit of silver Is used in «0v«r plating. For this purpose potassium cyanide is added to 
its solution, as otherwise silver cyanide, and not metallic silver, is deposited by the 
electric current- If two eleotro&os—on© positive (sttvor) and the other negative (copper)—* 
be immemed in such a solution, silver will be deposited upon the latter, and tho 
silver of the positive electrode will be dissolved by tho liquid, which will thus preserve 
the mm amount of metal in solution, as it originally contained. If instead of tho 
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Accurate experiments, and more especially the researches of 
Stas at Brussels, show the proportion m which silver reacts with 
metallic chlorides. 'These researches have led -to the determina¬ 
tion of the combining %omgMs of diver, sodium, potassium, chlorine, 
bromine, iodine, and other demerits, and are distinguished for their 
model exacritude, and we will therefor© describe them m some detail 
Am #odium chloride is the chloride most generally used for the pre¬ 
cipitation of diver, since it can most easily be obtained m a pure state, 
wo will here cite the quantitative observations made by Stas for show¬ 
ing the co-rolation between the quantities of chloride .of sodium and 
diver which, react together. In order to obtain perfectly pure sodium 

itfll bo deposited in on mm costing j this, indeed, forms to mode of ether pUitiny bp 
the wet method, which Ii most of^m used la practice. A solution of one part of silver 
nitrate In SO to SO parts of 'water, and mixed with a atiffleienfc quantity of a solution of 
potentium cyanide to x*df«®elv© the precipitate of stiver cyanide formed gives a dull 
wting of sliver, but If twtot ** much water b® u»§d to mom mklwt glfm a bright 
coating. 

Silver plating In the wot way hm now replaced to a oomddemblo ©ttant the old 
procoiss of dry ktv&ring, beoauae this proemn, which oocutfsts in dissolving silver in 
mercury and applying the a»ma%UBi to to surface of Urn objoote, and then vaporising 
to mercury, offore to great disadvantage of the poisonous mercury fume*. Ifcmidos 
tone, there ii another method of silver plating, based on the direct displacement of 
tUver from its write by otor mttale-Hfor example, by ooppsr. The «opp«r r®d«©#» the 
fiUviw from its oompoundi, sad the tllvtr t*p»tod is dspcsttsA upon to copper. Thus 
a solution of sfivsr efatartit fes sodtam toettriphate dsporfts ft coating of silver upon a 
strip of oopp«r immersed In ft It l» best for tot pwepost to tales puss Hlwr mt$hiU* 
This is prepared by sabring a totatkm of iriker nitrate with in ®m#»» of ammonia, sad 
adding a saturated solution of sodium sulphite and than alcohol, which precipitates 
silver sulphite from the solution. The latter and its solutions ate vary easily decomposed 
by copper. Metallic iron produces the same decomposition, and iron and steed articles 
may he very readily silver-plated by moans of to thiosulphate solution of silver chloride. 
Indeed, copper and similar metals may even ho silver-plated by means of silver chloride ; 
*1 to ddoride of silver, with a small amount of add, lw> rubbed upon the surface of to 
ooppor, Urn latter becomes oovomri with a coating of silver, which it has reduced. 

Silver plating is not only applicable to metallic objects, but also to glints, china, tee, 
Cibm is eUvorod for various purpose#—for example, glass globes silvered internally am 
used for ornamentation, and have a mirrored surface. Common looking-glass silvered 
upon mm side forma a mirror which l» hotter than to ordinary mercury mirrors, owing 
to to truer odours of to imago im to to whiteness of to olive*. For optical in- 
ftawnattte~&ov «sjw»pl% talssoepes—con-cay# mbmm em now nmd§ of silvered gla«% 
which bmi tin t tmm powd and phUsbed Into to inquired tom , !pb§ tiUmfag of ytm* 
b based *m to fact tot sQve* which Is mdaotd fmm certain toakteasdeposits itself imb 
formly in a perfectly bcunogeneous and continaoua. but very ton layer, forming a bright 
reflecting surface. Certain orgsaio substances have the property of reducing silver in this 
form. The best known among theso arc certain aldehyde#—-’for instance, ordinary 
acetaldehyde, C®H/)» which easily oxidises in the air and fongu noetic acid, cm 
This oxidation aim muUy takes place at the expense of silver oxide, wlurn u certain amount 
at ammonia is added to to mixture. The oxide of silver gives up fitt oxygen to to 
akdehyds, mi to sUw reduced from it is deposited in a metallic state In a uniform 
b right c oating- The jb ct i on la produced by 



chloride, ho took pure rock salt, containing onlja small quantity of 
magnesium and calcium compounds and & small amount of potassium 
salts. This salt was dissolved in water, and the -saturated solution 
evaporated by boiling. The sodium chloride separated out? during the 
boiling, and the mother liquor containing the impurities was poured 
off. Alcohol of 65 p.c. strength and platinic chloride were added 
to the resultant salt, in order to precipitate all the potassium and 
a certain part of the sodium salts. The resultant alcoholic solution, 
containing the sodium and. platinum chlorides, was then mixed with a 
solution of pure ammonium chloride in order to remove the platinic 
chloride. After this precipitation, the solution was evaporated in a 
platinum retort, and then separate portions of this purified sodium 
chloride were collected as they crystallised. The same salt was pre¬ 
pared from sodium sulphate, tartrate, nitrate, and from the platino- 
chloride, in order to have sodium chloride prepared by different methods 
and from different sources, and in this manner ten samples of sodium 

f Gride thus prepared were purified and investigated in their relation 
silver. After being dried, weighed quantities of all ten samples 
sodium chloride were dissolved in water and mixed with a solution 
IH nitric acid ot a weighed quantity of perfectly pure silver. A 
slightly greater quantity of silver was taken than would b© required 
tor the decomposition of the sodium chloride, and when, after pour¬ 
ing in all the silver solution, the silver chloride had settled, the 
amount of silver remaining in excess was determined by means of a 
solution of sodiutn cliloride of known strength. This solution of 
sodium chloride wp added so long as it formed a precipitate. In this 
manner Stas determined how many parts of sodium chloride oorre* 
spond to 100 parts by weight of silver. The result of ten determina¬ 
tions was that for the entire precipitation of 100 parts of silver, 
from 54*2060 to 54 ’$093 parts of sodium chloride were required. The 
difference is so inconsiderable that it has no perceptible influence 
on the subsequent calculations. The mean of ten experiments was 
that 100 parts of silver react with 54*2078 parts of sodium chloride. 
In order to learn from this the relation between the chlorine and 
silver, it wan necessary to determine the quantity of chlorine contained in 
54*2078 parts of sodium chloride, or, what is the same thing, the quantity 
of chlorine which combines with 100 parts of silver. For this puipose 
Stas made a series of observations on the quantity of silver chloride 
obtained from 100 parts of silver. Four syntheses were made by him 
for this purpose. The first synthesis consisted in the formation of 
sOver chloride by the action of chlorine on silver at a red heat. This 



132*843 of eUvor chloride. The soodnd method consisted in dissolving 
a given quantity of silver in nitric acid and precipitating it by moans 
of gaseous hydrochloric acid passed over the surface of the liquid ; the 
resultant mass was evaporated in the dark to drive off the nitric acid 
and excess of hydrochloric acid, and the remaining silver chloride was 
fused first in. an atpaospherp of hydrochloric acid gas and then in aif. 
In this process the silver chloride was not washed, and therefore there 
could bo no loss from solution. Two experiments made by this 
method showed that 100 parts of silver give 132*849 and 132*846 
parts of silver chloride. A third series of determinations was also 
made by precipitating a solution of silver nitrate with a certain 
excess of gaseous hydrochloric acid. The amount of silver chloride 
obtained was altogether 132 * 848 . Lastly, a fourth determination was 
made by precipitating dissolved silver with a solution of ammonium 
chloride, when it was found that a considerable amount of silver 
(0*3175) had passed into eolation in the washing; for 100 parts 
of silver there was obtained altogether 132*8417 of silver chloride* 
Thus from the moan of seven determinations it appears that 100 
'parts of silver give 132*8445 parts of silver chloride—that is, that 
32*8445 parts of chlorine are able to combine with 100 parts of 
silver and with that quantity of sodium which is contained in 
54*2078 parts of sodium chloride. These observations show that 
32*8443 parts of chlorine combine with 100 parts of silver and 
with 21*3633 parts of sodium. From those figures expressing the 
relation between the combining weights of chlorine, silver, and sodium, 
it would be possible to determine their atomic weights—that is, the 
combining quantity of those elements with n«q>ect to one part by 
weight of hydrogen or 16 parts of oxygen, if there minimi a series of 
similarly accurate determinations for tho reactions Ixiween hydrogen 
or oxygen and one of these elements—chlorine, sodium, or silver. If 
wo determine the quantity of silver chloride which lit obtained from 
silver chlorate, AgOlO*, we shall know the relation between the 
combining weights of silver chloride and oxygen, m that, taking the 
quantity of oxygen m a constant magnitude, we mu loam from this 
reaction the combining weight of silver chloride, and from the preced¬ 
ing numbers the combining weights of chlorine and silver. For this 
purpose it was first necessary to obtain pure silver chlorate. This 
Stas did by acting on silver oxide or carbonate, suspended in water, 
with gaseous chlorine. 510 
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The decomposition of the silver chlorate thus obtained was accom¬ 
plished by the action of a solution of sulphurous anhydride on 
it. The salt was first fused by carefully heating it at 244°. The solution 
of sulphurous anhydride used was on© saturated at 0°. Sulphurous 
anhydride in dilute solutions is oxidised at the expense of silver 
chlorate, even at low temperatures, with great ease if the liquid be 
continually shaken, sulphuric acid -and silver chloride being formed: 
AgC10 3 + 3S() a 4* 31 !./)== AgOl + 3n a S0 4 . After decomposition, the 
resultant liquid was evaporated, and the residue of silver chloride 
weighed. Thus the process consisted in taking a known weight of 
silver chlorate, converting it into silver ohloride, and determining 
the weight of the latter. The analysis conducted in this manner gave 
the following results, which, like the preceding, designate the weight 
in a vacuum calculated from the weights obtained in air: In the 
first experiment it appeared that 138*7890 grams of silver chlorate 
gave 103-9795 parts of silver chloride, and in the second experiment 

Is converted into chloride, just m is th© ease with oxide or carbonate of mercury, 
ami the water then contains, besides the excess of chlorine, only pore hypoohlorous 
acid without the least trace of chloric or chlorous add. If a stream of chlorine be 
pained into water containing an eweem of silver omid§ or silver carbonate while the 
liquid it continually agitated, the reaction is the same as the preceding; diver 
chloride and hypoohlorous acid arit formed. But this acid does not long remain in a froo 
state; it gradually note on thu silver oxide and gives silver hypochlorite, i,e. AgClO. 
If, after some time, the current of chlorine be h topped but the shaking continued, 
the liquid Iohoh its characteristic odour of hypoohlorous acid, while preserving its 
energetic decolourising property, because the silver hypochlorite which is formed is easily* 
soluble in water. In the presence of an excess of silver oxides this salt can bo kept for 
several days without decomposition, but it is exceedingly unstable when no excess of 
diver oxide or carbonate is present. So long as the solution of silver hypochlorite ie 
shaken up with the silver oxide, it preserves its transparency and. bleaching property, 
but directly it is showed to stand, and the silver oxide settles, it becomes rapidly cloudy 
and deposits large hakes of silver chloride, to that’ the black silver oxide which had 
settled becomes covered with the white preoipitate, The liquid then loses its bleaching 
propiiriim and contains silver chlorate, AgOlO®, in solution, which has a slightly 
alkaline reaction, owing to the presence of a small amount of dissolved oxide. In this 
manner Urn reaotiona which are consecutively accomplished may be expressed by the 
equations: 

«C1* f BAg-p * Bii./) - flAgCi + ftllCIO; MIC10 + OAg tt O » SH 2 0 +MgC10 ; 

OAgCIO w 4AgCl + QAgC10 3 . 

Ilcncc, Htiui given the following method for the preparation of silver chlorate ; A slow 
current of chlorine in canned to act on oxide of silver, suRpmidod in water which is kept 
In a state of continual agitation. The shaking is continued after the supply of chlorme 
ha* been stopped, in order that the free hypoohlorous add should pass into diver 
hypochlorite, and the resultant solution of the hypochlorite is drawn off from the 
sediment of the excess of silver oxide, This solution decomposes spontaneously into 
silver chloride and chlorate. The pure silver chlorate, AgClOj, does not change under 
the action of light. The salt is prepared for further use by drying it in dry air at 150°. 
It is neeeimary during drying to prevent the access of any organic matter; this is done by 
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that 259*5287 grams of chlorate gave 194*44515 grams of silver 

chloride, and after fusion 194*4435 grams. The mean result of both 
experiments, converted into percentages, shows that 100 parts of silver 
chlorate contain 74*9205 of silver chloride and 25*0795 parts of oxygen, 
'from this it is possible to calculate the combining weight of silver 

Chloride, because in the decomposition of silver chlorate there are 
obtained three atoms of oxygen and one molecule of silver 
phloride : Ag010 a m AgCl 4* 30, Taking the weight of an atom 
of oxygen to bo 10, we find from the mean result that the equi¬ 
valent weight of silver chloride is equal to 143*395. Thus if 0«e 16, 
AgClw 143*395, and as the preceding experiments show tfiat silver 
‘chloride contains 32*8445 parts of chlorine per 100 parts of silver* 
the. weight of the atom of silver n *?** must bo 107*94 and that 
of chlorine 35*45 The weight of the atom of sodium is determined 
from the fact that 21*3633 parts of sodium chloride combine with 
32*8445 parts of chlorine; consequently Ha*®23*05. This conclusion* 
arrived at by the analysis of silver chlorate, was verified by means 
of the analysis of potassium chlorate by decomposing it by heat 
and determining the weight of the potassium chloride formed, and alsd 
by effecting the same decomposition by igniting the chlorate in a 
stream of hydrochloric acid. The combining weight of potassium 
chloride was thus determined, and another series of determinations 
confirmed the relation between chlorine, potassium, and silver* in the 
jSame mahner as the relation between sodium, chlorine, and silver was 
determined above. Consequently, the combining weights of sodium, 
chlorine, and potassium could bo deduced by combining these data with 
the analysis of silver chlorate and the synthesis of silver chloric}©. The 
agreement between the results showed that the determinations made 
by the last method were perfectly correct, and did not depend in any 
0pnsid5rable degree on the methods which were employed in the pre¬ 
ceding determinations, as the combining weights of chlorine and silver 
obtained were the same as before. There was naturally a difference, 
but so small a one that it undoubtedly depended on the errors inciden¬ 
tal to every process of weighing and experiment. The atomic weight 
of silver was also determined by Stas by means of the synthesis of 
Silver sulphide and the analysis of silver sulphate. The combining 
weight obtained by this method was 107*920. The synthesis of silver 
iodide and the analysis of silver iodate gave the figure 107*928. The 
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synthesis of silver bromide with the analysis of silver brom&te gave the 
figure 107*921. Tho synthesis of silver chloride and the analysis of 
silver chlorate gave a mean result of 107*937. Hence there is no 
doubt that the combining weight of silver is at least as much as 107*9 
—greater than 107*90 and less than 107*95, and probably equal to the 
mean «b 107*92. Stas determined the combining weights of many other 
elements in this manner, such as lithium, potassium, sodium, bromine, 
chlorine, iodine, and also nitrogen, for the determination of the 
amount of silver nitrate obtained from a given amount of silver 
gives directly the combining weight of nitrogen. Taking that 
of oxygen as 10, he obtained the following combining weights 
for these dements : nitrogen 14*04, silver 107*93, chlorine 35*40, 
bromine 79*95, iodine 128*85, lithium 7*02, sodium 23*04, potassium 
39*15, Those figures differ slightly from those which are usually 
employed In chemical investigations. They must be regarded as the 
result of the best observations, whilst tho figures usually used in 
practical.'chemistry are only approximate*— are, so to speak, round 
numbers for the atotnio weight* which differ so little from the exact 
figures (for instance, for Ag 108 instead of 107*92, for Na 23 instead 
of 23*04) that in ordinary determinations and calculations the 
difference falls within the limits of experimental error inseparable from 
such determinations. 

Tho exhaustive investigations conducted by Stas on the atomio 
weights of the above-named elements have great significance in 
the solution of the problem as to whether the atomic weights of the 
elements can be expressed in whole numbers if the unit taken he the 
atomic weight of hydrogen. Front, at the beginning of this century, 
stated that this was the case, and held that the atomio weights of the 
elements are multiples pf the atomic weight of hydrogen. The subse¬ 
quent determinations of Berselius, Penny, Marchand, Mangnac, Dumas, 
and more especially of Stas, proved this conclusion to be untenable; 
since a whole series of elements proved to have fractional atomic 
weights—for example, chlorine, about 35*5. On account of this, 
Marignac and Dumas stated that the atomic weights of the elements 
are expressed in relation to hydrogen, either by whole numbers 
or by numbers with simple fractions of the magnitudes $ and J*. But 
Start research©® refute this supposition also. Even between the com¬ 
bining weight of hydrogen and oxygen, there is not, so far as is yet 
known, that simple relation which is required by • Promts hypothesis?* 


v Thin hypothesis, for tho estabhshment or refutation of which eo many researches 
h mm been made. is exeeedinelv important. and fnllv deserves tho attention whioh has 


t.&, taking 0» 18, the atdmia weight of hydrogen is equa^not to 1 but 
to a greater number somewhere between 1*002 and 1*008 pr mean* 

be expressed ip. whole amphora with reforeUo© to hydrogen, or it they at least proved to 
be commensurable with one another, then it could bo affirmed with confidence that the 
elements, with all their diversity, were formed of one material condensed pr grouped in 
various manners into the stable, and, under knotat condition!, undecomposabl© groups 
which we call the atoms of the elements*. At first it was supposed that all the elements 
were nothing else but condensed hydrogen, but when it appeared that the atomic weight# 
of the elements could not be expressed in whole numbers in relation to hydrogen, 
it was still possible to Imagine the existence of a certain material from which both hydro¬ 
gen and all the otherolement# wore formed. If it should transpire that four atoms of this 
material form an atom of hydrogen, then the atom of chlorine would present itself at 
consisting of 142 atoms of. this substance, the weight of whose atom would be equal to 
0*95. But in this case’ the atoms of all the elements should be Uxpreasvd in whole 
numbers with respect to the weight of the atom of this original material. Bet us sup¬ 
pose that the atomic weight of this material in equal to unity, thou all the atomic weight# 
should be expressible in whole numbers relatively to this unit. Thus the atom of one ele¬ 
ment, let us suppose, would weigh m, and of another n, but, as both m and n mutt he 
whole numbers, it follows that the atomic weights of all the elements would be common* 

* tumble. But it is sufficient to glance over the results obtained by Stas, and to be 
Assured of their, aocur&oyy especially for silver, in order to entirely destroy, or at least 
strongly undermine, this attractive hypothesis. We must therefore refuse our assent to the 
doctrine of the building up from a single substance of the elements knqwn to u». This 
hypothesis in not supported cither by any known transformation (for one element has never 
been converted into another clement), or by the commennurability of the atomic weight# 
of the elements, Although the hypothesis of the formation of all the elements from a 
single substance (for which Crookes has suggested Um name protyk) is most attractive 
in its comprehensiveness, it can neither be denied nor accepted for want of sufficient data. 
Marlgnao endeavoured, however, to overcome Bias's conclusions as to the incommensu¬ 
rability o& the atomic weights by supposing that In bis, at in the determinations of all 
other observers, there were unperoeived errors which were quite independent of the mode 
of obserratiosfr-~for example, silver nitrate might 1>© supposed to be an unstable substance 
which changes, under the heatings, evaporations, and other processor to which it is sub¬ 
jected in the reactions for the determination of the combining weight of silver. It might 
b£ supposed, for instance, that silver nitrate contains some impurity which cannot 
removed by any means; it might also he supposed that a portion of the element# of the 
nitric arid are disengaged in the evaporation of the solution of silver nitrate (owing to the 
decomposing action of water), and in its fusion, and that wo have not to deal with normal 
silver nitrate, but with a slightly basic salt, or perhaps an excess of nitric arid which 
cannot b# removed from the salt. In thin case the observed combining weight will not 
refer to an actually definite chemical compound, fmt to some mixture for which there 
doas not exist any perfectly exact combining relations, Marignae uphold# this proportion 
by the fact that the conclusions of Stas and other observer# respecting the combining 
weights dstanttfoed with the greatest exactitude very nearly ogre# with the proposition 
of the oommenituxability of the atomic weights—for example, the combining weight of 
silver was shown to be pqual to 107*98, so that it on|y differs by 0*08 from the whole 
number 108, which is generally accepted for silver, Tim combining weight of Iodine 
proved to be equal to lft6'8£—that in, it differs from 137 fry 0*111, The continuing weights 
of sodium, nitrogen, bromine, chlorine, and lithium are still nearer to the whole nr round 
numbers which are generally accepted. But Marigniio’s proixmitinn will hardly bear 
criticism. Indeed if wo ex pres# the combining weight# of the element# determined by 
Stas in relation to hydrogen, the approximation of Uiam weights to whok numbers 
hmmm on® part of hydrogen In reality does not combine with 18 parti of 
wife WM p*arto» and therefore wu shall obtain, taking H »1, not the atmve* 



1 005. Such a conclusion arrived at by direct experimenfreannot but 
b© regarded as having greater weight than Prout’s supposition 
(hypothesis) that the atomic weights of the elements ate in multiple 
proportion to each other, which would gh e reason for surmising (but not 
asserting) a complexity of nature in the elements, and their com¬ 
mon origin from a single primary material, and for expecting their 
mutual conversion into each other. All such ideas and hopes must 

removod from wholo numbers. Besides which, if Marignac's proposition wero true the 
combining weight of silver determined by one method— &g, .by fchq analysis of silver 
chlorate combined with the synthesis of silver chloride—would not agree well with the 
combining weight determined by another method—by means of the analysis of silver 
iod&te and the synthesis of silver iodide. If in one case a basic salt oould be obtained, 
in the other ease an acid salt might be obtained. Then the analysis of the acid salt 
would give different results from that of the basic salt. Thus Marignac's arguments 
cannot serve a® a support for the vindication of Front’s hypothesis. 

In conclusion, I think it will not bo out of plaoe to cite the following passage from a 
paper I read before the Chemical Society of London in 1889 (Appendix II.), referring to 
the hypothesis of the complexity of the elements recognised in chemistry, owing to the 
fact that many have endeavoured to apply the periodic law to the justification of this 
Idea * dating from a remote antiquity, %hea it was found convenient to admit the existence 
of many gods but only one matter. 

4 When we try to explain the origin of the idea of a unique primary matter, w© easily 
trace that, in the absence of deductions from experiment, it derives its origin from the 
•dontifioally philosophical attempt at discovering some kind of unity in the immense 
diversity of individualities which we sec around. In classical times such a tendency 
oould only be satisfied by conceptions about the immaterial world. As to the material 
world, our ancestors were compelled to resort to some hypothesis, and they adopted the 
idea of unity in tlie formative material, because they were not able to evolve the concep¬ 
tion of any other possible unity in order to connect the multifarious relations of matter. 
Impending to the same legitimate eoienfdfic tendency, natural science has discovered, 
throughout the uni verse a unity of plan, a unity of forces, and a unity of matter; and 
the oonrindhg conclusion® of modem science compel every one to admit these Muds of 
unity. But while we admit unity in many things, wo non© the less must also explain 
the individuality and the apparent diversity which we cannot fail to trace everywhere. 
B was said of old 44 Give us a fulcrum and it will become easy to displace the earth.” 
So also we must say, 44 Give us something that is individualised, and the apparent 
diversity will be easily understood.” Otherwise, how could unity result in a multitude 

4 After a long and painstaking research, natural science has discovered the individu- 
alitlcs of the chemical elements, and therefore it is now capable, not only of analysing, 
but also of synthesising; it can understand and grasp generality and unity, as well aa 
the individualised and multifarious. The general and universal, like time and space, like 
force and motion, vary uniformly. The uniform admit of interpolations, revealing every 
Intermediate phase; but the multitudinous, the individualised— such as ourselves,or the 
chemical elements, or the members of a peculiar periodic function of the elements, or 
Dalton's multiple proportions—is characterised in another way. We see in it—side by 
aid© with a general connecting principle—leaps, breaks of continuity, points which escape 
from the analysis of the Infinitely small— an absence of complete intermediate Jinks. 
Chemistry Iras found an answer to the question as to the causes of multitude?, and will© 
retaining the conception of many elements, all submitted to the discipline of a general 
law, it offers an escape from the Indian Nirvana—the absorption in the universal—re¬ 
placing it by the individualised. However, the place for individuality is so limited by 
the all-gracping, all-t>owerful universal, that it Is merely a point of support for the under* 




now, thank* more especially to Stas, be placed in a region void of any 
experimental support whatever, and therefore not subject to the dis¬ 
cipline of the positive data of science. 

Among the platinum metals ruthenium, rhodium, and palladium, 
by their atomic weights and properties, approach silvbr, just as iron, 
and its analogues (cobalt and nickel) approach copper in all respects. 
Gold stands in exactly the same position in relation to the heavy 
platinum metals, osmium, iridium, and platinum, as copper and 
silver do to the two preceding series. The atomic weight of gold is 
nearly equal to their atomic weights; 28 it is dense like these metals. 
It also gives various grades of oxidation, which are feeble, both in 
a basic and an acid sense. Whilst near to osmium, iridium, and pla¬ 
tinum, gold at the same time is able, like copper and silver, to form 
compounds which answer to the typo RX—that is, oxides of the compo¬ 
sition R a O. Cuprous chloride, CuCl, silver chloride, AgOl, and aurous 
chloride, AuCl, are substances which are very much alike in their 
physical and chemical properties, 28 bii They are insoluble in water, 
but dissolve in hydrochloric acid and ammonia, in potassium cyanide, 


m It might bo expected from tho periodic kw and analogies with Urn series iron, cobalt, 
nickel, copjwr, si ne, that the atomics weigh to of the element* of the series omnium. 
Iridium, platinum, gold, mercury, would tim in thin order, and at the time of the esta¬ 
blishment of the periodic law (1809), th# determinations of Berselius, Hose, and other# 
gave the following value* for the atomic weight*; Os *900, Ir*»197» Pt<*198, Au*10i, 
Hg»900. The fulfilment of the expectations of the periodic law ya* given in the first 
place by the fresh determinations (Hubert, XMttmar, and Arthur) of the atomic weight of 
platinum, which proved to be nearly 190, if O-X0 (as Marignao, Brauner, and other* 
propose); in the second place, by the fact that Beufyert proved that the atomic weight of 
osmium is really lw» than that of platinum, and approximately On« 191 ; and, in the 
third place, by the fact that after the reevurohos of Hr Use, Thorpe, and Laurie there was 
no doubt that the atomic weight of gohl is greater than that of platinum namely, 
nearly 11)7. 

** l,u In Chapter XXII., Note 40, we gave the thermal data for certam of the com* 
pounds of copper of the type CuX*j; we will now cite certain data for the cuprous 
compounds of the type CuX, which present an analogy to the corresponding compounds 
AgX and AuX, some of which were investigated by Thomsen in bin classical work, 
* Then&ocUemlsohe TJntersuchungen* (Vol. ill., IHftg). The data are given is the some 
manner as Is tho above-mentioned note; 
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Thus we see in the first place that gold, which possesses a much smaller affinity than Ag, 
evolves far less heat than an equivalent amount of copper, giving the some wmponntl, and 
tft the second place that the combination of oo^iper with one atom of oxygen disengages 
Wsnfa heat Mian its combination with cue atom of a halogen, whilst with silver the 
Is the cm* This it ecnwiottd with thfi fact that Gu a O is tmm stable trader the action 



sodium thiosulphate, <fcc. Just as copper forms a link betwee 
metals and zinc, and as silver unites the light platinum n 
cadmium, so also gold presents a transition from the heav^ 
metals to mercury. Copper gives saline compounds of the < 
and CuX 2 , silver of the type AgX, whilst gold, besides com 
the type AuX, very easily and most frequently forms those < 
AuC 1 3 . The compounds of this type frequently pass into th 
lower type, just as PtX 4 passes into PtX 2 , and the same is 
in tho elements which, in their atomic weights, follow gold, 
gives HgX 2 and HgX, thallium gives T1X 3 and T1X, 
PbX 4 and PbX 2 . On the other hand, gold in a qualitati 
differs from silver and copper \n the extreme ease with which t 
pounds are reduced to metal by many means. This is not 01 
plished by many reducing agents, but also by the action of he 
its chlorides and oxides lose their chlorine and oxygen wh< 
and, if tho temperature be sufficiently high, these elements a 
expelled and metallic gold alone remains. Its compounds, 
act as oxidising agents." 

In nature gold occurs in the primary and chiefly in quart 
and especially in quartz veins, as in the Urals (at Berc 
Australia, and in California. The native gold is extracted : 
rocks by subjecting thorn to a mechanical treatment coi 
crushing and wasliing.* 9 Un Nature has already accomplishes 

w Heavy atoms and molecules, although they may present many points o 
more easily isolated; thus CioHjs, although, like it combines with E 
similar composition, yet reacts with much greater difficulty than C^H*, and in 
hies gold ; the heavy atoms and molecules are, so to say, inert, and already 
'themselves. Gold in its higher grade of oxidation, Au^O* presents feeb 
parties and weakly-developed acid properties, bo that this oxide of gold, A 
referred to the dose of feeble acid oxides,, like plotixdo oxide. This is not it 
highest known oxides of copper and silver. But in th© lower grade of oxid 
oxide, A%0, gold, like silver and copper, presents basic properties, althoi 
not very pronounced. In this respect it stands very dose in its proport 
not in its types of combination (AuX and AuXg), to platinum (PtX* and I 
analogues. 

Ah yet the general chemical characteristics of gold and its compounds h 
fully investigated. This is partly duo to the fact that very few research* 
undertaken on tho compounds of thin metal, owing to its inaccessibility 
In large quantities. As tho atomic weight of gold is high (Au*»»197), tho p 
Its compounds requires that it should bo taken In large quantities, whi 
obstacle to it# being fully studied. Hence th© facts concerning the history 
are rarely distinguished by that exactitude with which many facts have beei 
mumming other dement® more aooestible, and long known in use. 

Bonstadt (1872) showed that sea water, betides silver, always <w 
Munster (1892) showed that the water of th© Norwegian fiords oontains £ 
grams of gold per ton (or 5 milliard ths)-Hi^ a quantity deserving practical a 
1 think it may be already said that, considering th© immeasurable amount < 







disintegration of tho hard rocky matter containing gold. 80 These dis¬ 
integrated rocks, washed by rain and other water, have formed gold- 
bearing deposits, which are known as alluvial gold dymite. Gold- 
bearing soil is sometimes met with on tho surface and sometimes under 

bringing it into contact with wbituoM capable of depositing gold u|>on their surface. 
Th® first tiflortft might b© smd© upon tho ©xtwmiion of salt from sea water, ami an tho 
total amount of s®a water maybk taken u about 2 * 000 , 000 , 000 , 000 , 000,000 tons, it fallows 
that it contains about 10,000 million tern* of gold. Tho yearly production of gold, it ukmfe 
200 tons for the whole world, of which about om ^uartor Is extracted in Eutiia, It it 
supposed that gold m dissolved in seawater owing to tho preannoe of iodides, which, under 
tho action.of animal organisms, yield free iodine. It i@ thought (an Professor Konova- 
loff mentions in his work upon *The Industries of tho United Btaten, 1 IBM) that 
Io<lino facilitates tho solution of the gold, and the organic mutter its precipitation. 
Thou© facts and considerations to a certain extent explain the distribution of gold in 
reins or rook fissures, chiefly filled with quart*, !>©oauae thcro la suftteinut rtmwm for 
supposing that thus© rocks once formed the ocean bottom. B, Xtantrio, and nubs©- 
qucntly Wilkinson, showed that organic matter—for instance, cork—and pyrites are able 
to precipitate gold from its solutions in that metallic form and state in which it occurs 
In quarts veins, wham (©specially in tho deeper parts of vein deposits) gold is frequently 
found cm the snrfaoo of pyritet, chiefly arsenical pyrites. Kasantseff (in Ekaterinburg, 
1891) evqa supposes, from tho distribution of the gold In these pyritea, that it occurred 
In solution as a compound of sulphide of gold and sulphide of anemic when It iwmetrated 
into the yuina. It is from such considerations that the origin of vein and pyritio gold 
it, at tho present time, attributed to tho reaction of solutions of this metal, tho remains 
of which are seen in tho gold still present in sea water. 

so However, in rteent times, ©specially sinew about 1870 , when ehlmino (either *m a 
solution of tho gas or as bloaohing powder) and bromine began to ln» applied to tho extrac¬ 
tion of finely-divided gold from poor ores (previously roasted in order to drive off arsenic 
and sulphur, mid oxl&l*® the iron), the extraction of gold from quarts and pyrites, 
by tho wot method, tacartMM from jmx to year, and btglwi to equal tho amount 
extracted from alluvial deposits. Since the nineties th® oyanitU pnxmt (Chapter 
XUL, Note 18 bis) has taken an important place among tho wot methods for 
extracting gold from its ores. It consists in pouring a dilute solution of cyanide of pntas- 
siund (alniut 500 parts of water and 1 to 4 parti of cyanide of jiotaimmm per 1,000 parts 
of oro, tlio amount of cyanide dejamding iqum the richness of tho ore) and a mixture 
Of it with NaCN, ($M Chapter XIII., Note Vi) over the crushed ore (which not'd not ho 
roasted, whilst roasting is indispensable in the cldoriimtem process, as otherwme tho 
chlorine is used up in oxidising tho sulphur, arsenic, &«.) The gold in diiumlml 
vary rapidly oven from pyrites, where it generally occurs on the surf arc in such 
fine and adherent particles that it either cannot l*ti mechanically washed away, or, 
more frequently is carried away by tho stream of water, and cannot bo caught by 
mechanical means or by the mercury used for catching the gold in the stoic**. 
Chlorinariou had already given the possibility of extracting the finest jmrfci©l#» of gold $ 
but the cyanide proces* enable* such pyrites to be treated as could be nmxm&y worked 
by other means. The treatment of the crushed ore by tho KCN is carried on in simple 
wooden vats (coated with paraffin or tar) with the greatest possible rapidity (In ardor that 
tho KCN solution should not have time to change) by a method of systematic lixiviatimt, 
and is completed in 10 to 19 hours. Thu resultant solution of gold, containing AuK(C’N) a * 
Is decomposed cither with freshly-made sino filings (but when the gold settles on tho 
Z», the cyanide solution reacts upon tho Zn with tho evolution of 1 I V and formation of 
!W 0 y>t) or by sodium amalgam proofed at the moment of reaction by the action of an 
electric current upon a solution of NaHO poured into a vessel partially Immersed in 
mercury (tho NaON Is mewed ocrnttaually by thli means). The silver in tho ore peases 







the upper soil, but more frequently altaig the banks of drii 
courses and ^running streams. The sand of many riv< 
however, a very Small amount of gold, which it is not j 
work ; for example, that of tho Alpine rivers contains 5 pj 
in 10,000,000 parts of sand. The richest gold deposits ; 
Siberia, especially in the southern parts of the Government c 
the South Urals, Mexico, California, South Africa, an 
and then the comparatively poorer alluvial deposits of ma 
(Hungary, tho Alps, and Spain in Europe). The extrac 
gold from alluvial deposits is based on the principle of lev 
earth is washed, while constantly agitated, by a strea 



e® that tho oxulisablo metals may bo abaorbod by tho cupel in tho form ( 
©very the gold ia obtained together with silver, because tho latter n 
oxidiiwd. Sometimes the gold in extracted by means of mercury, that ii 
lion («d tho mercury subsequently driven off by distillation), or by 8 
lead (which Is aftorwasds removed by oxidation) and processes like thoi 
tho extraction of ailvor, because. gold, like silver, does not oxidise, is di 
and mercury, and it non-volatile. If .copper or any other metal oontaii 
(employed as an anode, pure copper will be deposited upon tho ©athod 
gold will remain at the anode m a slime. Tins method often amply r< 
ia HltvWtA It. rrlwAM Kfiaulofit tlm crold. a cure electrolytic c >1 

















in nuggets or grains of greater.or less magnitude. It always contains 
silver (from very small quantities up to 30 p.c., when it is called 
1 electrum 9 ) and certain other metals, among which lead and rhodium 
are sometimes found. 

The separation qf the silver from gold is generally carried on with 
great precision* as the presence of the silver in the gold does not 
increase its value for exchange, and it can be substituted by other 
less valuable metals, so that the extraction of the silver, as a precious 
metal, from its alloy with gold, is a profitable operation. This 
separation is conducted by different methods. Sometimes the argenti¬ 
ferous gold is melted in crucibles, together with a mixture of common 
salt and powdered bricks. The greater portion of the silver is thus 
converted into tho chloride, which fuses and is absorbed by the slags, 
from which it may be extracted by the usual methods. The silver is 
also extracted from gold by treating it with boiling sulphuric acid, 
which does not act on the gold but dissolves the silver. But if the 
alloy does not contain a large proportion of silver it cannot be extracted 
by this method or at all events tho separation will be imperfect, and 
therefore a fresh amount*of feilver is added (by fusion) to tho gold, in 
such quantity, that the alloy contains twice as much silver m gold. 
The silver which is added is preferably such as contains gold, which is 
very frequently the ease. The alloy thuk formed is poured in a thin 
stream into water, by which means it is obtained in a granulated 
form; it is then boiled with strong sulphuric add, three parts 
acid being used to one part of alloy. The sulphuric acid extracts 
.all the silver without acting on the gold. It is best, however, to* 
pour off the first portion of die acid, which has dissolved the silver, 
and then treat tho .residue of still imperfectly pure gold with a fresh 
quantity of sulphuric add. Tho gold b thus obtained in tho form 
of powder, which ifi washed with water until it in quite free from 
silver. The silver is precipitated from the solution by means of 
copper, so that cuprio sulphate and metallic silver are obtained. This 
.process is carried out in many countries, as in Eussk, at the Govera- 
1 meat mint®. 

Gold is generally used alloyed with copper j since pure gold, 
like pure silver, is very soft, and therefore soon worn away. In 
assaying or determining the amount of pure gold in such an alloy 
it is usual to add silver to the gold in order to make up an alloy 
containing three parts of silver to one of gold (this m known « 
quotation because tho alloy contains | of gold), and the resultant 
alley Is treated with nitric acid. If the silver be not in excess over 
the gold, it Is not all dissolved by the nitric add, and this ti the jfcaiiuii 







for the quartation. The am6unt of pure gold (assay*) is determined by 
weighing the gold which remains after this treatment. English gold 
(= 22 carats) coinage is composed of an alloy containing 91*66 p.o. of 
gold, but for many artibles gold is frequently used containing a larger 
amount of foreign metals. 

Pure gold may bo obtained from gold alloys by dissolving in aqua 
oregia, and then adding ferrous sulphate to the solution or heating it 
with a* solution of oxalic acid. These deoxidising agents reduce the 
gold, but not the othor metals. The chlorinb combined with the gold 
then acts like free chlorine. The gold, thus reduced, is precipitated as 
an exceedingly fine brown powder. 31 It is then Washed with water, 
and fused with nitre or borax. Pure gold reflects a yellow light, and 
in the form of vbry thin sheets (gold leaf), into which it can be 
hammered and rolled, 31 M it transmits a bluish-green light. The 
specific gravity of gold is about 19*5, the sp. gr. of gold coin is about 
17*1. It fuses at 1090°—at a higher temperature than silver—and can 
be drawn into exceedingly fine wires or hammered into thin sheets. 
With its softness and ductility; gold is distinguished for its tenacity, 
and a gold wire two millimetres thick breaks only under a load of 68 
kilograms. Gold vaporises even at a furnace heat, and imparts a 
greenish colour to a flame passing over ii*. in a furnace. Gold .alloys 
with copper almost without changing its volume. 32 ' In its cheiqical 

m w* BehotlUtnder (1800) obtained gold in a solublo colloid form (tbo solution is violet} 
by tbo action of a mixture of solution® of cerium acetate .and NaHO upon a solution of 
AuC1 3 . The gold separates out from snob a solution ih •oxaoti/'thri same manner as Ag< 
does from the solution of colloid, silver mentioned* above. • There always remains a* 
certain amount of a higher wide of cerium, GeO* in the, solution—the gold is 
reduced by converting .the cerium into a higher grade “Of "oxidation. Besides „ which 
Krliii and Hofmann showed that sulphide of gold precipitated by the -action of H®S upon 
a eolation of AuKOy& mixed with HOI easily passea into a colloid.. jolnWon after being 
properly washed (like AsgSg, QuS, 4c., Chapter I., Hole 57). 

** oi Oold-leaf ii used for gliding .wood (leather, cardboard, and suchlike, upon whioh 
It 1« glued by means of varnish,, 4a), and is about 0*008 millimetre thick. It is obtained 
from thin sheets (weighing at first about | grm. to a square inch), rolled between gold 
rollers, by gradually hammering them (in packets of a number at onoe) between sheets 
of moist (but not wet) parchment, and then, after cutting them into four pieces, between 
a spttrially prepared membrane, which, when at the right degree of moisture, does not 
tear or stick together under the blows of the hammer. 

« The formation of the alloys Cu + Zn, Cu+Sn, Cu+Bi, Cu + Sb, Pb-f Sb, Ag+Pb, 
Ag 4 ftft, Au^/m, Au+Bn, Ac., is accompanied by a contraction (and evolution of heat). 
The formation of tire alloys Fo+Sb, F© + Pb, Ou+Pb, Pb + 8n, Pb+Sn, Pb+Sb, 
&+®h> A§+0u, Ao+Oti, 'Au+Pb, takes place with a certain increase in volume. 
With regard to th# alloys of gold,' it may bo mdntfontd that gold is only slightly 
dissolved by mercury (about 0*08 p*a, Ihadley, 1800); the remaining portion forms a 
granular alloy, whose composition has not been definitely determined. Aluminium (and 
ttUbon) also have the capacity of forming alloys with gold. The presence of a small 
amount of aluminium lowers the melting point of gold considerably (Boberti-Austen, 
vm) i thus thft addition of 4 p.a of aluminium lowers it by X4°*28, the addition of 10 mo. 



aspect, gold presents, as is already seen from its general characteristics 
given above, an example of the so-called noble metals— ix. it is 
incapable of being oxidised at any temperature, and its oxide ia 
decomposed when calcined. Only chlorine and bromine combine 
directly with it at the ordinary temperature, but many other metals 
, and non-metals combine with it at a red heat—for example, sulphur, 
phosphorus, and arsenic. Mercury dissolves it with great ease. It 
dissolves in potassium cyanide in the presence of air; a .mixture of 
sulphuric acid with nitric acid dissolves it with the aid of heat, 
although in small quantity. It is also soluble in aqua regia and in 
selenic acid. Sulphuric, hydrochloric, nitric, and hydrofluoric acids 
and tho caustic alkalis do not act oh gold, but a mixture of hydro¬ 
chloric acid with such oxidising agents as evolve chlorine naturally 
dissolves it like aqua regia. 32 

As regards the compounds of gold, they belong, as was said 
above, to the types AuX 3 and AuX. Auric chloride or gold tri¬ 
chloride, AuC 1 3 , whiqh is formed when gold is dissolved in aqua regia, 
belongs to the former and higher of these types. Tho solution of this 
substance in water has a yellow colour, and it may be obtained pure by 
evaporating the solution in aqua regia to dryness, but not to tho point 
of decomposition. If the evaporation proceed to tho point of crystal¬ 
lisation, a compound of gold chloride and hydrochloric acid, AuII(JI 4 , is 
obtained, like the allied compounds of platinum ; but it easily parts 
with the acid and leaves auric chloride, which fuses into a red-brown 
liquid, and then solidifies to a crystalline mass. If dry chlorine bo 
passed over gold in powder it forms a mixture of aureus and auric 
chlorides, but the aureus chloride is also <locoxnj>o&Q<i by water into 
gold and auric chloride. Auric chloride crystallises from its solutions 
as AuCl 3> 2H a O, which easily. loses water, and tho dry chloride loses 
two-thirds of its chlorine at 185°, forming aureus chloride, whilst 

Ai by 41 0# 7. Tho latter alloy is white. Tho alloy AuAtj has* a elmraetemtie f turpi# 
colour, and its malting point i@ above that of gold, which shows it to tm a (foflutto 
compound of the two metals. The melting points of alloys richer in A) gradually Ml 
to fiAO 0 —that I®, below that of aluminium (MR 6 ), 

Heycock and Neville (1898), in itudylng the triple alloy# of An, Cd, ami la, ebaurvod 
ft tendency In the gold to give compound# with Cel, and by sealing a mixture of Au am! CM 
tn a tube, from which tho air had bmn exhausted, and heating It, they obtained a gray 
crystalline brittle definite alloy AuCd. 

**&*■ Calderon (1S92), at the racpuwt of tome jewellem, i»ve»%at<Hl the muae uf % 
pcculi&r alteration sometimes found cm the surface of dead-gold articles, there updating 
brownish and blockish spots, which widen and alter their form in counto of time. II# 
mxm to the conclusion that those spots arc due to tho appearance and dovidepmont erf 

pwitemle»-o*fimlim«.(A«porgillu® niger Mid Micrococcus cimfauwtu) on tho gold, 
sport* of vhkfti w»§ found In abundance on tho oottotL-wooI la which the geht aitfete 
had boon kept. 



above 800° ibe latter chloride also loses its. chlorine and leaves 
metallic gold. Aurio chloride is the usual form in which gold occurs in 
solutions, and in which its salts are used in the arts and for chemical 
purposes. It is soluble in water, alcohol, and ether. Ligh,t has a reduc¬ 
ing action on these-solutions, and after a time metallic gold is deposited 
upon the sides of vessels containing the solution. Hydrogen when 
nascent, and even in a gaseous form, reduces gold from this solution 
'to a metallic state. The reduction is more conveniently and usually 
effected by ferrous sulphate, and in general by the action of ferrous 
salts. 35 

If a solution of potassium hydroxide be added to a solution of auric 
chloride, a precipitate is first formed, which re-dissolves in an excess of 
the alkali. On being evaporated under the receiver of an air-pump, 
this solution yields yellow crystals, which present the same composition * 
as the double salts AuMC 1 4 , with the substitution of the chlorine by, 
oxygon— that is to say, potassium aurate, AuKO a , is formed in crystals 
containing 3H a O. The solution has a distinctly alkaline reaction. 
Auric oxide, Au 2 0 3 , separates when this alkaline solution is boiled with 
'an excess of sulphuric acid. But it then still retains some alkali; how¬ 
ever, it may bo obtained in a pure state as a brown powder by 
dissolving in nitric acid and diluting with water. The brown powder 
decomposes below 250° into gold and oxygen. It is insoluble in water 
and in many acids, but it dissolves in alkalis, which shows the acid 
character of this oxide. An hydroxide, Au(OH)^ may be obtained as a 
brown powder by adding magnesium oxide to a solution of auric chlo¬ 
ride and treating the resultant precipitate of magnesium aurate with 
nitric acid. This hydroxide loses water at 100°. and gives auric oxide. 34 

Staramt chloride a® a reducing agent alio act* on aurio chloride, and gives a red 
precipitate known m purple of Gamut. This substance, which probably contains a 
mixture or compound of aurous oxide and tin oxide, is used as a red pigment for china 
And glass. Oxalic add, on heating, reduces metolUo gold from its salts, and this property 
may be taken advantage of for separating it from its solutions. The oxidation which 
then takes place in the presence, pf water may be expressed by the following equation: 
HAuOb + atyi-A •UAu + QIlCUdCO,. Nearly dll organic substanoes have a reducing 
action on gold, nod nolutiomi of gold loaVo a violet stain on the skin. 

Auric chloride, like platinio chloride, is distinguished for its clearly-developed 
projwrty of forming double salts. Those double salts, as a rule, belong to the type 
Au-Ui'lj. The compound of auno^chloride with hydrochloric acid mentioned above 
evidently belong# to the name type. The compounds SKAuCl^BHftO, NaAuCl 4> 2H J .0 > 
AoNlUa*!l 2 0, Mg'AuOhl^HtO, and »lhe like are, easily crystallised in well-formed 
crystals* Walla. Wheeler, and BmMd 7l89£) obtained BbAuCl* (reddish yellow) and 
CaAuCl* (golden yellow), and corresponding bromide# (dark coloured). AuBr 5 is ex¬ 
tremely like the chloride. Aurio cyanide is obtained easily in the form of a double salt 
of pdUtmhmt, KAu(CN) 4 , by mixing mturated and hot solutions pf potassium cyanide 
with auric ehloridu and then cooling. 

ju ¥0 v.,1,1*4.1 »uir!« chloride, it forms a vo low nreoinitata 


The starting-point of the compounds of the type AuX 13 is gold 
vnonochloride or aureus chloride, AuCl, which is formed, as mentioned 
above, by heating aurio chloride at 185°, Aurous chloride forms a 
yellowish-white powder ; this, when heated with water, is decomposed 
into metallic gold and auric chloride, which passes into solution • 
3AuCl s» AnO a 4- 2Au. This decomposition is aooelerated by the action 
of light. Hence it is obvious that the compounds corresponding with 
aurous oxide are comparatively unstable. But this only refers to the 
simple compounds AuX; some of the complex compounds, on the 
contrary, form tho most stable, compounds of gold. Such, for ex¬ 
ample, is the cyanide of gold and potassium, AuK(CN)... It is formed, 
for instance, when finely-divided gold dissolves in the presence of 
air in a solution of potassium cyanide : 4SIGN 4* iJAu + H*0 + 0 
tsa 2KAu(CN) a -f 2KII0 (this reaction also proceed.* with solid pieces 
of gold, although very slowly). The same compound is formed in 
solution when many compounds of gold are mixed with potassium 
cyanide, because if'a higher compound of gold bo taken, it is reduced 


of the no-called fulminating gold, -which contain® gold, chlorine* hydrogen, nitrogen, 
and oxygon, hut it® formula It not known with certainty. It it probably a mti of am- 
vnanicwmetallio compound, AuaOj|,4HH;$, or amide (like the- mercury compound). This 
precipitate explode® at 140°, but when left in the pro»eno© of notation® containing am¬ 
monia it lotos ell its chlorine and become® loon-explosive. In thl» form the com^otdtion 
AdtO$SNHg>HaO is ascribed to it, but this I# uncertain. Aurio sulphide, Au s H$, it 
obtained by the notion of hydrogen sulphide m a solution of auric chloride, and also 
directly by fusing sulphur with gold. It has an arid character, and therefore dissolves 
fn sodium and ammonjpm sulphides, 

w Many double salts of suboxide.of gold belong to the typo AuX—for instance, the 
cyanide corresponding to the typo AuKXfclifco FtK^Xi, with which wo became acquainted 
In tho last chapter. Wo will enumerate several of tho representatives of this class of 
compounds. If aurio chloride, AuCIj, be mixed with a solution of sodium thiosulphate, 
tho gold passes into a odourless solution, which deposits odourless crystals, con¬ 
taining a double thiosulphate of gold and sodium, which are easily soluble in water 
but are precipitated by alcohol. Tho composition of this salt is Na^Au(H. i 0 # ) ; , t aH 3 0 # * 
XI the sodium thiosulphate be represented os NuStO^No, tho double salt in quoitikm 
will be AuNa(SiOsNa)fciHtO, aooording to tho typo AuNaX*. The solution of this 
oolouriost and easily orystaBissbla salt ha® a sweet taste, Mid the gold is net 
from H either by teroui sulphate or ©xfdte arid. This Mil, which is known m Ftmkm 
md &®Wi sail, ft toted in modteta© and photopapliy In general, aurous oxide 
exhibit* a disttoot taolteation to tho formation of simitar double setts, m we kw sdim 
with PtX*—lor ex*mpfa» it forms similar sate with sulphurous arid. Thus if a notation 
of sodium sulphite be gradually added to m solution of oxide of gold In sodium 
hydroxide, the precipitate at first formed re-dissolves to a colourless solution, which 
contains the double salt Na^An(H0 s ) 9 «AuNa(80j^tt)^ Tho solution of thin srit* 
when mixed with barium chloride, first forms a prerij^tata of Imrium sulphite, md 
thou a ted barium double salt which correspond® with the above sodium salt. 

Tt§# oxygen compound of the type AuX, aurm* o*wl# t AuA is obtained a® a greenish 
<M mixing stow ridorido with j^tstam ohtarid© in the coW. With 
hyfiroatale arid this oxide gives gold and auric sUoridkandi whan hmAud It atrily 
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COPPER; SILVER, AND COLD 

by Che potassium cyanide into anroua oxide, which dissolves in potas¬ 
sium cyanide, and forms KAu(CN} 2 . This substance is soluble in 
water, and gives a colourless solution, which can be kept for a long 
time, and is employed in electro-gilding—that is, for coating other 
metallic objects with a layer of gold, which is deposited if the object 
be connected with the negative pole of a battery and the positive pole 
consist of a gold plate.* When an electric current is passed between 
them, the gold from the latter will dissolve, whilst a coating of gold 
from the solution will bo deposited on the ot^ect* 



APPENDIX I 


AN ATTEMPT TO APPLY TO CHEMISTBY ONE OF THE 
PBINCIPLES OF NEWTON'S NATUBAL PHILOSOPHY 

Bv FBOFESSOB MENDELfiEF? 


A LECTURE DELIVERED AT THE ROYAL INSTITUTION pF GREAT BRITAIN 

ON FRIDAY, MAY 81, 1889 

Nature, inert to the eyos of the ancients, has been revealed to us as full of 
life and activity* The conviction that motion pervaded all things, which was 
first realised with respect to the stellar universe, has now extended to the 
unseen world of atoms. No sooner had the human understanding denied to 
tho earth a fixed position and launched it along its path in space, than it was 
sought to fix immovably tho sun and the stars. But astronomy has demon¬ 
strated that tho bub moves with unswerving regularity through the star-sot 
Universe at tho rate of about 50 kilometres per second. Among the so-called 
fixed stars are now discerned manifold changes and various orders of movo*' 
meat. Light, heat, electricity—like sound—-have boon proved to bo modes 
ot motion; to tho realisation of this foot modem science Is Indebted for 
frnweri which have been used with such brilliant success, and which have been 
expounded m clearly 'at this lecture table by Faraday and by hie successors, 
A», in tho imagination of Dante, tho Invisible air became peopled with spiritual 
being®, to before the eye® of earnest investigators, and especially before those 
of Clerk Maxwell, the invisible mass of gases become peopled with particles: 
their rapid movements, their collisions, and impacts became eo manifest that 
it Roomed almost possible to count the impacts and determine many of 
the peculiarities or laws of their collisions. The foot of tho existence of 
those invisible motions may at once bo made apparent by demonstrating the 
difference In the rate of diffusion through porous bodies of tho light and 
mphUy moving atoms of hydrogen and the heavier and more sluggish par* 
tides of air, Within the masses of liquid and of solid bodies we have been 
forced to acknowledge the existence of persistent though limited motion of 
their ultimate particles, for otherwise it would be impossible to explain, for 


molecular motion in solid bodies, could tho famous Spring bave “hoped to 
attain any Result by mixing carefully-driod powders of potash, saltpetre and 
sodium acetate, in order to produce, by pressure, a chemical reaction between 
these substances through the interchange of their metals, and have derived, 
for the conviction of the incredulous, a mixture of two hygroscopio though 
solid salts—sodium nitrate and potassium acetate ? 

In these invisible and apparently ohaotio movements, reaching from the 
stars to the minutest atoms, there reigns, however, a harmonious order which 
is commonly mistaken for complete rest, but which is really a consequence 
of the conservation of that dynamic equilibrium which was first discerned 
by the genius of Newton, and which has been traced by his successors in tho 
detailed analysis of tho particular consequences of the great generalisation, 
namely, relative immovability in the midst of universal and active movement. 

But tho unsoon world of chemical changes is closely analogous to tho 
visible world of hoavenly bodies, since our atoms form distinct portions 
of an invisible world, as planets, satellites, and comets form distinct portions 
of the astronomer's universe; our atoms may therefore bo compared to tho 
solar systems, or tp the systems of double or of single stars: for example, 
ammonia (NHj) may be represented in the simplest manner by supposing 
the sun, nitrogen, Surrounded by its planets of hydrogen *, and common salt 
(NaCl) may bo looked on as a double star formed of sodium and chlorine. 
Besides, now that the indestructibility of .the element® hat been acknow¬ 
ledged, chemical change! cannot otherwise be explained than as changes of 
motion, and the production by chemical reaction® of galvanio currents, of 
light, of heat, of pressure, or of steam power, demonstrates visibly that the 
processes of OhOmical reaction are inevitably connected with enormous though 
unseen displacements, originating in the movements of atoms m molecules* 
Astronomers and natural philosophers, in studying the visible motions of the 
heavenly bodies and of matter on tho earth, have understood and have esti¬ 
mated tho value of this storo of energy. But tho chemist has had to pursue 
a contrary oourso. Observing in tho physical and mechanical phenomena 
which accompany chemical reactions the quantity of energy manifested by 
tho atoms and molecules, ho is constrained to acknowledge that within tho 
molecules there exist atoms in motion, endowed with an energy which, like 
matter itself, is neither being created nor capable of being destroyed. There¬ 
fore, in chemistry, we must seek dynamic equilibrium not only between the 
molecules, but also in thoir midst among their component atoms. Many 
conditions of such equilibrium have been determined, but much remains to be 
done, and it is not uncommon, even in those days, to find that some chemist# 
forget that there is the possibility of motion in the interior of molecules, and 
therefore represent them as being in a condition of death-like inactivity. 

Chemical combinations take place with so much case and rapidity, 
possess so many special characteristics, and arc so numerous, that thoir sim¬ 
plicity and order wore for a long time hidden from investigators. tiy lupathy, 
relationship, all tho caprices or all the fancifulnoss of human intercourse, 
teemed to have found complete analogies in chemical combinations, hut with 
Ibis difference, that the characteristics of the material substance#—-such at 
#ftvtr, for exempli, or of any other body—remain tmehaaftd ha every tub* 






division from the largest masses to the smallest particles, and consequently 
these characteristics must he properties of the particles. But the world of 
heavenly luminaries appeared equally* fanoiful at man’s first acquaintance 
with it, so much so, that the astrologers imagined a connection between the 
Individualities of men and the conjunctions of planets. Thanks to the genius 
of Lavoisier and of Dalton, man has boon able, in the unseen world of che¬ 
mical combinations, to recognise laws of tho same simple order as those 
which Copernicus and Kepler proved to exist in the planotary universe. Man 
discovered, and continues every hour to discover, what remains unchanged 
in chemical evolution, and how changes take place in combinations of the 
unchangeable. Ho has learned to predict, not only what possible combina¬ 
tions may take place, but also the very existence of atoms of unknown elemen¬ 
tary substances, and has besides succeeded in making innumerable practical 
applications of his knowledge to tho groat advantage of his race, and has 
accomplished this notwithstanding that notions of sympathy and affinity 
still preserve a strong vitality in science. At present wo cannot apply 
Newton’s principles to chemistry, because the soil is only being now prepared. 
Tho invisible world of chemical atoms is still 'waiting for tho creator of che¬ 
mical mechanics. For him our ago is collecting a mass of materials, the 
inductions of well-digested facts, and many-sided inferences similar to those 
which existed for Astronomy and Mechanics in the days of Newton. It is 
well also to remember that Newton devoted much time to chemical experi¬ 
ments, and while considering questions of celestial mechanics, persistently 
kept In view tho mutual action of those infinitely small worlds which aro 
concerned in chemical evolutions. For this reason, and also to maintain tho 
unity of lawn, it Booms to mo that wo must, in tho first instance, seek to 
harmonise tho various phases of contemporary chemical theories with the 
Immortal principles of the Newtonian natural philosophy, and so hasten the 
advent of true chemical mechanics. Lot the above considerations servo as 
my justification for the attempt which 1 propose to make to act as a champion 
of the universality of the Newtonian principles, which I believe are com¬ 
petent to embrace ©very phenomenon in the universe, from the rotation of 
tho imi stars to the interchanges of chemical atoms. 

In the first place I consider it indispensable to bear in mind that, up to 
quite recent times, only a one-sided affinity has been recognised in chemical 
reactions. Thus, for example, from the circumstance that red-hot iron de- 
©omptmeB water with the evolution of hydrogen, it was concluded that oxygen 
had a greater affinity for iron than for hydrogen. But hydrogen, in presence 
of mi hut iron nettle, appropriates its oxygen and forms water, whence an 
exactly opposite conclusion may ho formed. 

During the lost ten years a gradual, scarcely perceptible, but most 
important change him taken place in the views, and consequently in the 
rtiiiwelifi, of eheailoto* They have sought everywhere, and have always, 
found, systems of conservation or dynamic equilibrium substantially similar 
In thoiio which natural philosophers have long since discovered in the visible 
world, and in virtue of which the position of the heavenly bodies in the 
tmivtirie la determined. There where one-sided affinities only were at first 
.I..* ...I tint ilitrt/iiwluiru riV Atilt Cl 1 llLVfi boon found, but even those 








which are diametrically opposite; yot among those, dynamical equilibrium 
establishes itself not by excluding one or other of the forces, but regulating 
them all. So the chemist finds-in the flame of the blast furnace, in tho 
formation of every salt, and, with especial clearness, in double salts and in 
the crystallisation of solutions, not a fight ending in tho victory of one side, 
as used to be supposed, but the conjunction of forces; tho peace of dynamic 
equilibrium resulting from the action of many forces and affinities. Car* 
bonaceous matters, for example, burn at tho expense of the oxygen of the 
air, yielding a quantity of heat, and forming products of combustion, in 
which it was thought that the affinities of the oxygen with the combustible 
elements wore satisfied. But it appeared that tho boat of combustion tvas 
competent to decompose these products, to dissociate tho oxygon from tho 
combustible elements, and thoroforo to explain combustion fully it is neces¬ 
sary to take into account tho equilibrium between opposite reactions, between 
those which evolve and those which absorb heat. 

In tho same way, in tho case of tho solution of common salt in water, it 
is necessary to take into account, on tho one hand, the formation of compound 
particles generated by the combination of salt with water, and, oh the other, 
the disintegration or scattering of tho new particles formed, as well as of 
those originally contained. At present wo find two currents of thought, 
apparently antagonistic to each other, dominating tho study of solutions: 
according to tho one, solution seems a more act of building up or association ; 
according to tho, other, it is only dissociation oV disintegration. The truth 
lies, ovidontly, between these views; it lies, as I have endeavoured to prove 
by my investigations into aqueous solution®, in tho dynamic equilibrium of 
particles tending to combine and also to fall asunder. Tho largo majority of 
chemical reactions which appeared to act victoriously along one line have 
been proved capable of acting as victoriously even along m exactly opposite 
line. Elements which utterly decline to combine directly may often he 
formed into comparatively stable compounds by indirect means, as, for ex¬ 
ample, in tho cose of chlorine and carbon; and consequently tho sympathies 
and antipathies which it was thought to transfer from human relations to 
those of atoms should bo laid aside until the mechanism of chemical rela¬ 
tions is explained. Lot us remember, however, that chlorine, which dmm not 
form with carbon tho chloride of curiam, is strongly absorbed, or, an it were, 
dissolved, by carbon, which loads uii to suspect Incipient chemical action imm 
in an external and purely surface contact, and involuntarily gives rise m 
conceptions of that unity of the forces of nature which has boon m enar* 
getictdly insisted on by Sir William Grove and formulated in hl« famous 
paradox. Grove noticed that platinum, when fused in the oxyhydrogen 
flame, during which operation water is formed, when allowed to drop into 
water decomposes the latter and produces the explosive oxyhydrugtm mixture. 
The explanation of this paradox, m of many others which arose during the 
period of chemical .renaissance, has led, in our time, to tho promulgation by 
Henri Salnte-CIaire Doville of tho conception of dissociation and of «»qttih* 
fcriium, and has recalled the teaching of Berthollet, which, notwithstanding its 
hriQiant confirmation by Heinrich Hose and Dr, Gladstone, had not, up to 


Chemical equilibrium m general, and dissociation in particular, are now 
being so fully worked out in detail* and supplied in suoh various ways, that I 
do not allude to them to develop, but only use them as examples by which 
to indioato the correctness of a tendency to regard chemical combinations 
from points of view differing from those expressed by the term hitherto ap¬ 
propriated to define ohomical forces, namely, * affinity.’ Chemical equilibria, 
dissociation, the speed of chemical reactions, thermochemistry, spectroscopy, 
and, more than all, the determination of the influence of masses and the 
search for a connection between the properties and weights of atoms and 
molecules-—in one word, tho vast mass of the most important chemical re¬ 
searches of tho present day—clearly indicate the near approach of the time 
when chemical doctrines will submit fully and completely to the doctrine 
which was first announce^ in the Principia of Newton. 

In order that the application of those principles may bear fruit it is evi¬ 
dently insufficient to assume that statical equilibrium reigns alone in chemical 
systems or chemical molecules: it is neoossary to grasp the conditions of 
possible states of dynamical equilibria, and to apply to them kinetic prin¬ 
ciples. Numerous considerations compel us to renounce the idea of statical 
equilibrium in molecules, and tho roccnt yet strongly-supported appeals to 
dynamic principles constitute, in my opinion, the foundation of the modem 
teaching relating to atomicity, or tho valency of the elements, which usually 
forms the basis of investigations into organic or carbon compounds. 

This teaching has lod to brilliant explanations of very many chemical 
relations and to cases of isomerism, or the difference in the properties of 
substances having tho same composition. It has been so fruitful in its many 
applications and in tho foreshadowing of remote consequences, especially 
respecting carbon compounds, that it is impossible to deny its claims to bo 
ranked m a groat achievement of chemical science. Its practical application 
to tho synthesis of many substances of tho most complicated composition 
entering into the structure of organised bodies, and to the creation of an un¬ 
limited number of carbon compounds, among which the colours derived from 
coal tar stand prominently forward, surpass the synthetical powers of Nature 
itself. Yet this teaching, as applied to the structure of carbon compounds, 
is not on the face of it directly applicable to the investigation of other ele¬ 
ments, because in examining the first it is possible to assume that the atoms 
of carbon have always a definite and equal number of affinities, whilst in the 
combinations of other elements this is evidently inadmissible. Thus, for 
example, an atom of carbon yields only one compound with four atoms of 
hydrogen and cm© with four atoms of chlorine in tho molecule, whilst ,tho 
atoms of chlorine and hydrogen unite only in tho proportions of one to one. 
Simplicity in here evident, and forms a point of departure from which it is 
easy to move forward with firm and secure tread. Other elements are of a 
different nature. Phosphorus unites with three and with five atoms of 
chlorine, and consequently the simplicity and sharpness of the application of 
structural conceptions are lost. Sulphur unites only with two atoms of 
hydrogen, but with oxygon it enters into higher orders of combination. Tho 
periodic rcliituunihip which exists among all tho properties of the elements— 
urn*, for fi mm ole. as their abilitv to o ter into various combinations—and 


fheir .Atomic weights, indicate that this variation in atomicity is subject to 
one perfectly exact and general law, and it is only carbon and its near 
analogues which constitute cases of permanently preserved atomicity. It is 
impossible to recognise as constant and fundamental properties of atoms,, 
powers which, in substance, have proved to be variable. But by abandoning 1 
the idea of permanence, and of the constant saturation of affinities—that is 
to say, by acknowledging the possibility of free affinities—many retain a 
comprehension of the atomicity of the elements 4 under given conditions; * 
and on this frail foundation they build up structures composed of chemical 
molecules, evidently only because the conception of manifold affinities gives, 
at once, a simple statical method of estimating the composition of the most 
complicated molecules. 

I shall enter neither into details, nor into the various-consequences follow¬ 
ing from these views, nor into the disputes winch have sprung up respecting 
them {and relating especially to the number of isomeridoft possible on the 
assumption of free affinities), because the foundation or origin of theories of 
this nature suffers from the radical defect of being in opposition to dynamics. 
The molecule, as oven Laurent expressed himself, is represented m an archi¬ 
tectural structure, the style of which is determined by the fundamental 
arrangement of a few atoms, whilst the decorative details, which are capable 
of being varied by the same forces, are formed by the elements entering into 
the combination. It is on this account that the term * structural ’ in go appro¬ 
priate to the contemporary views of the above order, and that the * struc¬ 
turalists 1 seek to justify the tetrahedric, plane, or prismatic disposition of 
the atoms' of carbon in benzene. It is evident that the consideration relates 
4o the statical position of atoms and molecules and not to their kinetic rela¬ 
tions. The atoms of the structural type arc like the lifeless pieces on a chess 
board: they are endowed but with the voices of living beings, and are not 
those living beings themselves; acting, indeed, according to laws, yet saefe 
possessed of a store of energy which, in the present state of our knowledge, 
pouat be token into account. 

In the days of Hatty, crystals wore considered in the same .statical and 
structural light, but modern crystallngrapiicrtt, having become mere tho¬ 
roughly acquainted with their physical properties and their actual formation, 
have abandoned the earlier views, and hove made their doctrines dtqicndent 
on dynamics. 

The immediate object of .this lecture is to show that, starting with 
Newton's third law of motion, it is possible to preserve to chemistry §11 the 
advantages arising from structural teaching, without being obliged to build 
up molecules in solid and motionless figures, or to ascribe to atoms definite 
limited valencies, directions of cohesion, or affinities. The wide extent of 
the subject obliges me to treat only a small portion of it, namely <»f 
tim$ f without specially considering combinations and thornipumtiom, and 
«ven then limiting myself to the simplest examples, which, however, will 
♦brow open prospects embracing all the natural complexity of chemical rein* 
For this reason, if it should prove possible to form groups similar, for 
«•**!*% to B* or CH* as the remnants of molecules CH* nr CJi f we shall 
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two parts* Ha + Hft or CH 4 + Ha,us soon as they are even temporarily formed, 
and are incapable of separate existence, and therefore can take no part In 
the elementary act of substitution- With respect to the simplest molecules 
tvhich we shall select—that is to say, those -of which the parts have no sepa¬ 
rate existence, and therefore cannot appear in substitutions—we shall con- 
eider them according to the periodic law, arranging them in direct dependence 
on the atomic weight of the ©lemonts. 

Thus, for cxamplo, tho molecules of tlio simplest hydrogen compounds— 

IIP HftO H a N H 4 6 

hydrofluoric acid water ammonia methane 

correspond with elements the atomio heights of which decrease consecutively 
F ■ 19, 0 m 10, N « 14, 0 «=* 12# 

Neither the arithmetical order (1, 2, 3, 4 atoms of hydrogen) nor the total 
Information wo possess respecting tho elements will permit us to interpolate 
Into this typical series one more additional element; and therefore we have 
hero, for hydrogen compounds, a natural base on which aro built up those 
simple chemical combinations which wo take as typical. But oven they are? 
competent to unite with each other, as wo seo, for instance, in the property 
which hydrofluoric acid has of forming a hydrate—that is, of combining with 
Water; and a similar attribute of ammonia, resulting in the formation of a 
caustic alkali, NH 3 ,HftO, or NH 4 OH- 

Having made those indispensable preliminary observations, I may now 
.attack.the problem itself and attempt to explain tho so-called structure or 
-rather construction, of molecules—that is to say, fchoir constitution and trans¬ 
formations—without having rocourso to tho teaching of 1 structuralists, 1 but Qn 
Newton’s dynamical principles. 

Of Newton’s throe laws of motion, only the third can be applied directly 
to chemical molecules when regarded as systems of atoms among which it 
must be supposed that there exist common influences or forces, and resulting 
compounded relative motions. Chemical reactions of every kind are un¬ 
doubtedly accomplished by changes in these internal movements, respecting 
the nature of which nothing is known at present, but the existence of which 
tho mass of evidence collected in modern times forces us to acknowledge as 
forming part of tho common motion of the universe, and as a fact further 
established by the circumstance that chemical reactions aro always charac¬ 
terised by changes of volume .or tho relations between, tho atoms or the 
molecules. Newton’s third law, which is applicable to every system, declares 
that, * action is also associated with reaction, and is equal to it.’ The 
brevity of conciseness of this axiom was, however, qualified by Newton itv 
a more expanded statement, * the action of bodies on© upon another :afe 
always equal, and in opposite directions.’ This simple fact constitutes the 
point of departure for explaining dynamic equilibrium—that is to say, systems 
of conservancy. It is capable 'of satisfying even the dualists, and of explain¬ 
ing, without additional assumptions, tho preservation of those chemical types 
which Iimnas, Laurent, and Gorhardt created unit types, and those views of 
atomic combinations which the structuralists express by atomicity or the 






valency of the elements, and, in connection with them* tho various number* 
of affinities. In reality, if a system of atoms or a molecule bo given, then In 
it, according to tho third law of Newton, each portion of atoms acts on tho 
remaining portion in the same manner, and with tho samo forco as tho 
second sot of atoms acts on tho first. Wo infor directly from this consider** 
tion that both sets of atoms, forming a molecule, are not only equivalent with 
regard to themselves, as they must be according to Dalton’s law, but also that 
they may, if united, replace each other. Let there be a molecule containing 
.atoms A B 0, it is clear that, according to Newton’s law, the action of A on 
B C must bo equal to the action of B 0 on A, and if the first action is directed 
on B 0, then tho second must bo directed on A, and consequently then, where 
A can exist in dynamic equilibrium, B C may take its place and act in a like 
manner. In the same way tho action of C is equal to tho action of A B. In 
one word every two sots of atoms forming a molecule are equivalent to each 
other, and may take each other’s place in other molecules, or, having the 
power of balancing each other, the atoms or their complements are endowed 
with the power of replacing each other. Let us call this consequence of «ya 
evident axiom * tho principle of substitution,* and let us apply it to those 
typical forms of hydrogen compounds which wo have already discussed, and 
which, on account of their simplicity and regularity, have served a® starting* 
points of chemical argument long before tho appearance of tho doctrine of 
structure. 

In the typo of hydrofluoric acid, IIP, or In systems of double stars, aro, 
included a multitude of tho simplest molecules. It will bo sufficient for our 
purpose to recall a few: for example, the molecules of chlorine, C^, wad of 
hydrogen, H*, and hydrochloric acid* HC1, which is familiar to all in aqueous 
solution as spinta of salt, and which has many points of resemblance with 
HF, HBr, HI. In these cases division into two parts can only be made in 
one way, and therefore the principle of substitution renders It probable that 
•exchanges between the chlorine and tho hydrogen can take place, if they are 
competent to unite with each other. There was a time when no chemist 
would even admit tho idea of any such action ; it was then thought that tho 
power of combination indicated «i polar difference of tho molecules in com¬ 
bination, and this thought net aside all idea of tho substitution of ouo com¬ 
ponent clement by another. 

Thanks to tho observations and experiments of Human and Laurent fifty 
years ago, such fallacies were dispelled, and in thin manner the principle 
of substitution was exhibited. Chlorine and bromine acting cm many 
hydrogen compounds, occupy immediately the place of their hydrogen, and 
the displaced hydrogen, with another atom of chlorine or bromine, form* 
hydrochloric acid or bromide of hydrogen* That takes place In all typical 
hydrogen compounds. Thus chlorine acts on this principle on gnstuuui 
hydrogcn—roaction, under tho influence of light, resulting in th« formation 
of hydrochloric acid. Cldorin© acting on the alkalis, constituted similarly to 
water, load even oh water itself—only, however, under tho influence of light 
and only partially because of the instability of Ht’lO—forms by this principle 
li#Mhieg salts, which arc the same m tho alkalis, but with their hydrogen 



the hydrogen. From ammonia is formed in this manner the sc 
chloride of nitrogen, NC1 S , which decomposes very readily with violent 
eion on account of the evolved gases, and falls asunder as chlori 
nitrogen. Out of marsh gas, or methane, CH 4 , may be obtained c< 
tively, by this method, every possible substitution, of which chloi 
CHCl,, is tbe best known, and carbon tetrachloride, CC1 4 , the most i 
tive. But by virtue of the fact that chlorine and bromine act, in the 1 
shown, on the simplest typical hydrogen compounds, their action 
more complicated ones may bo assumed to bo the same. This can b< 
demonstrated. The hydrogen of benzene, C ti H e , reacts feebly under th 
onco of light on liquid bromine, but Gustavson has shown that the a 
of the smallest quantity of metallic aluminium causes energetic acii 
the evolution of large volumes of hydrogen bromide. 

If we pass on to the seoond typical hydrogen compound—that is 
water—its molecule, HOH, may be split up in two ways: either into a 
of hydrogen and a somi-molecule of hydrogen peroxide, HO, or into c 
O, and two atoms of hydrogen, H; and therefore, according to the pi 
of substitution, it is evident that ono atom of hydrogen can ex 
with hydrogen oxide, HO, and two atoms of hydrogen, H, with one a 
oxygen, 0. 

Both these forms of substitution will constitute methods of oxid, 
that is to say, of the entrance of oxygen into the .compound—a r 
which is so common in mature as well as in the arts, taking place 
expense of the oxygon of the air or by the aid of various oxidisit 
stances or bodies which part easily with their oxygon. There is no 0 
to reckon up the unlimited number of cases of such oxidising reactic 
is sufficient to state that in the first of those oxygon is directly tran 
and the position, the chemical function, which hydrogon originally oc 
Is, after the substitution, occupied by the hydroxyl. Thus aramonii 
yields hydroxylamine, NH*(OH), a substance which retains many 
properties of ammonia. 

Methane and a number of other hydrocarbons yield, by substitc 
the hydrogen by its oxide, methyl alcohol, GH # (OH), and other aloohoh 
substitution of one atom of oxygen for two atoms of hydrogen is 
common with hydrogen compounds. By this means alcoholic liqui* 
taming ethyl alcohol, or spirits of wine, 0*11, % (0H), &ro oxidised uni 
become vinegar, or acetic aci/h C*n a O(OH). In the same way 
ammonia, or the combination of ammonia with water, NH 3 ,H/>, orNI 
which contains a great deal of hydrogen, by oxidation exchanges foiu 
of hydrogen for two atoms of oxygon, and becomes converted into niti 
-HO t (OH). This process of conversion of ammonium salts into saltpe 
on in the fields ©very summer, and with especial rapidity in tropical co 
The method by which tills I§ accomplished, though complex, though in 
the agency of ill-permeating mioro-organiams, is, in substance, the s 
that by which alcohol is converted Into acetic acid, or glycol, C#H 4 (OI 
oxalic add, if wo view the process of oxidation in the light of the N<r 
principles. 

But while spooking of the application of the principle of subetiti 






water, we need not multiply instances, but must turn our attention to two 1 * 
special circumstancos which arc closely connected with the very mechanism, 
of substitutions. 

In the first place, the replacement of two atoms of hydrogen by one atom 1 
of oxygen may take place in two ways, because the hydrogen molecule is 

composed of two atoms, and therefore, under the influence of oxygen, the 
molecule forming water may separate before the o. gen has time to take its 
place. It is for this reason that we find, during the conversion of alcohol 
into acetic acid, that there is an interval during which is formed aldehyde# 
C^H 4 0, which, as its very name implies, is 4 alcohol dehydrogenatnm** or 
alcohol deprived of hydrogen. Hence aldehyde combined with hydrogen 
yields alcohol; and united to oxygon, acetic acid. 

For the came reason thero should be, and there actually arts intermediate 
products between ammonia and nitric acid, KO s (UO), containing either lei® 
hydrogen than ammonia, less oxygon than nitric acid, or less water than 
caustic ammonia. Accordingly we find, among the products* of the deoxida¬ 
tion of nitric acid and the oxidation of ammonia, not only hydroxylamine, 
but also nitrous oxide, nitrous and to trio anhydrides. Thus, the production 
of nitrous acid results from the removal of two atoms of hydrogen from 
caustic ammonia and the substitution ,of the oxygen for the hydrogen, 
NO(OH); or by the substitution, in ammonia, of three atoms of hydrogen by 
hydroxyl, N(OH) a , and by the removal of water: N(OH) 3 - IL,0 «NO(OH). 
■The peculiarities and properties of nitrous acid—an, for instance, its action on 
ammonia and its conversion, by oxidation, Into nitric add-are thus dearly 
revealed 

On the other hand, to speaking of the principle of substitution as applied 
so water, it k necessary to observe that hydrogen and hydroxyl H and OH, 
are not, only competent to unite, but also to form combinations with them¬ 
selves, and thus become and H./X,; and such are hydrogen and the 
peroxide thereof. In general, if a molecule A B exists, then molecules A A 
•and B B can exist also. A direct reaction of this kind does not, however, 
take place in water, therefore undoubtedly, at tlio moment of formation, 
hydrogen reacts on hydrogen peroxide, as we can show at once by 
experiment; and farther because hydrogen peroxide, II, a O a , exhibits a 
structure containing a molecule of hydrogen, IIj, and one of oxygen, O,, 
either of which is capable of separate existence. The fact, however, may 
now be taken m thoroughly established, that, at the moment of combustion 
of hydrogen or of the hydrogen compounds, hydrogen peroxide is always 
farmed, and not only so, but to sdl probability its farmatioa tovnrtebly pro- 
cedes too formation of water. Thk wn to be «p#et#d m a oonssquonee of 
the law of Avogadro and Ooriiardfc, which leads us to expect this 
in the case of equal interactions of volumes of vapours and wmm ; tan! In 
hydrogen peroxide we actually have such equal volumes of the etemtmtery 



of water* 1 may mention this additional consideration that, with r< 
to hydrogen peroxide, we may look for its effecting still further sul 
tions of hydrogen by means of which we may expect to obtain still 
highly oxidised water compounds, such as H/) 3 and H a 0 4 . These Sch5 
and Bunsen have long been seeking, and Berthelot is investigating 
at present. It is probable, however, that the reaction will stop a 
last compound, because we find that, in a number of cases, the addit: 
four atoms of oxygon seems to form a limit. Thus, 0s0 4 , KC10 4 , KI 
■ KaS0 4 , Ka 3 P0 4 , and such like, represent the highest grades of oxidatior 

As for the last forty years, from the times of Berzelius, Dumas, I 
Oorhardt, Williamson, Frankland, Kolbe, Kekul<§, and Butleroff, most 
retical generalisations have centred round organio or carbon compc 
we will, for the sake of brevity, leave out the discussion of ammonia d 
tives, notwithstanding their simplicity with respect to the doctrine of a 
iutions; we will dwell more especially on its application to carbon compc 
starting from methane, CH 4 , as tho simplost of the hydrocarbons, cout* 
in its molecule ono atom of carbon. According to tho principles enum< 
wo may derive from CII 4 ovory combination of tho form CH 3 X, C 
CHX 8 , and CX 4I in which X is an element, or radicle, equivalent to hydro 
that is to say, competent to lake its placo or to combine with it. Sue 
the chlorine substitutes already mentioned, such is wood-spirit* CH 8 (0 
which X is represented by the residue of water, and such are numerous 
carbon derivatives. If wo continue, with the aid of hydroxyl, further e 
iutions pf tho hydrogen of methane we shall obtain successively CH 2 < 
0X1(011).,, and C(OII) 4 . But if, in proceeding thus, we boar in mim 
011,(0X1), contains two hydroxyls in tho same form as hydrogen pei 
II/), or (0H).|, contains them—and moroovor not only in ono molecu 
together, attached to ono and tho same atom of carbon —so hero wc 
look for the same decomposition as that which wo find in hydrogen, po: 
And accompanied also by tho formation of water as an indepen 
existing molecule; therefore CH/OH), should yield, as it actually do 
mediately water and the oxide of methylene, CH*0, which is methan 

* Because mow than four atoms of hydrogen never unite with one atom of i 
m#mta, and because the hydrogen compounds HC1, HfS, HjP, H 4 8i) alwa? 
their highest oxides with four atoms of oxygen, and as the highest forms of oxides 
Bu0 4 ) also contain four of oxygen, and eight groups of tho periodic system, corres] 
to tho highest basic oxides BgO, BO, R$Og» B0* 4 , Bg0 3 , BOj, BgO?, and B0 4 , in 
above relationship, and InKiausc of tho nearest analogues among tho elements— 
Mg, */», (M, and Hg; or Or, Mo, W, and U; or Si, Go, Sn, and Pfc; or P, Cl, Br 
anti uo forth - nut morn than four arc known, it seems to mo that in theso rolati 
th«»rn Turn a tlnnp interest and meaning with regard to chemical mechanics. But 1 
to my imagination, the idea of unity of design in Nature, cither acting in < 
celestial systems or among chemical molecules, is very attractive, especially boa 
atomic teaching at once *ocjufaos its true meaning, I will recall the following i 
Iftting to the solar system. There are eight major plarefcs, of which the four ini 
are not only separated from the four outer by asteroids, but differ from, them i 
as, for example, in the smallness of their diameters and their greater 
Saturn with hiti ring haa eight satellite*, Jupiter and Uranus bavp each four. I 
dent that in tho solar systems also we meet with these higher numbers four ai 
which appear In tho combination of chemical molecules. 






oxygen substituted for two atoms of hydrogen. Exactly in the aanoo manner 
put of CII(Oil) 3 arc formed water and formie acid, CHO(OH), ami out of 
C(OH) 4 is produced water an i carbonic acid, or directly carbonic anhydride, 
C0 2? which will thoreforo bo nothing else than methane with the double re* 
.placement of pairs of hydrogen by oxygon. As nothing leads to the supposi¬ 
tion that the foul atoms of hydrogen in methane differ one from the other, 
so it does not matter by what means we obtain any one of the combinations 
indicated—they will be identical; that is to say, there will bo no case of 
actual isomerism, although there may easily be such cases of isomerism as 
have been distinguished by the term metamerism. 

Formic acid, for example, has two atoms of hydrogen, due attached to then 
carbon loft from the methane, and the other attached to tho oxygen which 
has entered in tho form of hydroxyl, and if one of them bo replaced by some 
substance X it is evident that wo shall obtain substances of tho same composi¬ 
tion, but of different construction, or of different orders of movement among 
tho molecules, and therefore endowed with other properties and reactions. If 
X be methyl, OH,—that is to say, a group capable of replacing hydrogen 
because it is actually contained with hydrogen in methane itself—then by 
substituting this group for tho original hydrogen we obtain ace tie acid, 
CC1I S 0(0H), out of formic, and by substitution of the hydrogen in its oxide or 
hydroxyl wo obtain methyl formate, CHO(O0H a ), These substances differ m 
much from each other physically and chemically that at brut sight it in h&rdly 
possible to admit that they contain the same atoms in identically the mto© 
proportions. Acetic acid, for example, boils at a higher temperature tints 
water, and has a higher specific gravity than It, whilst its motameride, 
methyl formate, is lighter than water, and boils at 80*—that is to say, it 
evaporates very easily. 

Let us now turn to carbon compounds containing two atoms of carbon to 
the molecule, as, in acetic acid, and proceed to evolve them from methane by 
the principle of substitution. This principle declares at once that methane 
can only be split up in tho four following ways:-— 

1. Into a group CII ; , equivalent with H. Let uh call changes of this 
nature m ethylation. 

2. Into a group GII, and II, r Wo will call this order of substitutions 
mothylenation. 

B. Into OH and H*, which ommnutationH wo will call oootylenaUott. 

4. Into € and ll 0 which may be called earbunation. 

It is evident that hydrocarbon compounds containing two atom* of carbon 
con only proceed from methane, Cff 4 , which contains four atoms of hydrogen 
by tbe first three methods of substitution; earbonatlon would yield free carbon 
if it could take place directly, and if the molecule of free carbon—which is in 
reality very complex, that I® to say stropgly polyatomic, im I have long iiitimi 
been proving by various moans—could contain only O a like the molecules 
O a , 1L 4 » N„, and so on. 

By methylution we should evidently obtain from miumh gnu, ethane, 

OHgOB^-OA- 

By methylonation—that in, by substituting group CXI* for XL—mtfJtaa* 
•torn® ethylene, OILCIL » OJBL, 


By acetylonation-^that is, by substituting three atoms of hydrogen, H 3 , in 
methane—by the remnant CH, we get acetylene, CHCH« O^EL*. 

If we havo applied the principles of Newton correctly, there should not be 
any othor hydrocarbons containihg two atoms of carbon in the molecule. 
All these combinations have long been known, and in each of them we can 
not only produce those substitutions of which an example has been given in 
the case of methane, but also all the phases of other substitutions, as we shall 
find from l a few more instances, by tho aid of which I trust that I shall be 
able to show tho groat complexity of those derivatives which, on the principle 
of substitution, can bo obtained from each hydrocarbon. Let us content our- 
Solves with tho case of ethan% CHgCHj,, and the substitution of the hydrogen 
*by hydroxyl. The following are the possible changes 

1. OHgCH^fOH): this is nothing more than spirit of wine, or ethyl 
alcohol, CA(OH) or 0^0. 

2* GByOHJCH^OH): this is the glycol of Wlirtzi which has shed so 
much light on the history of alcohol. Its isomeride may be CH 3 CH(OH) a , 
but as we have seen in the case of OH(OH), a? it decomposes, giving off water, 
and forming oldehydo, CII a CHO, a substance capable of yielding alcohol by 
uniting with hydrogen, and of yielding acetic acid by uniting with oxygen. 

If glycol, CH 4 (OH)G3EL 4 (OH), loses its water, it may be seen at once that 

it will not now yield aldehyde, CH s CHO, but its isomeride, GH^CH,, the 

oxide of othylono. I have hero indicated in a special manner the oxygen 
which has taken the place of two atoms of 'the hydrogen of ethane taken 
from different atoms of tho carbon. 

B. CH,C(6H) s decomposed as CH(OH) a , forming water and acetic acid, 
CXI 8 CO(OXI). It is evident that this acid is nothing else than formic acid, 
0110(011), with its hydrogen replaced by methyl. Without examining 
farther tho vast number of possible derivatives, I will direct your attention 
to tho circumstance that in dissolving acetic acid in water we obtain the 
maximum, contraction and the greatest viscosity when to the molecule 
CH 8 00(0£t) Is added a molecule of water, which is the proportion which 
would form the hydrate CHjC(OH) 8 . It is probable that the doubling of 
the molecule of aeetio acid at temperatures approaching its boiling-point 
hat some connection with this power of uniting with one molecule of 
water. 

4, 011^(011)0(011)* is evidently an alcoholic acid, and indeed this com* 
pound, after losing water, answers to glycolic acid, 0^(011)00(011). 
Without investigating nil the possible ieomeridos, we will note only that the 
hydrate CH{Olf), 4 CH(OH) a has the same composition as CHg(OH)C(OH) s , 
and although corresponding to glycol, and.boing a symmetrical substance, it 
become*, on parting with its water, the aldehyde of oxalic add, or the glyoxal 
of Debus, OHOCHO, 

6, OM(OH) g O{OHa), from.the tendency of aU the preceding, ©otreepondai 
with glyoxylio add,, m aldehyde acid* OHOGO(OH), because th.e group 
€0(()IIh or carboxyl, enter® into iho compositions of organic acids, and the* 
group Giro defines Urn aldehyde function. 

41 C(OIi),C(OH) t through the loss of 25*0. yields the bibaaio oxalic add 


CO(OH)CO(OH), which generally .crystallises with 2H a 0, following thus the 
normal typo of hydration characteristic of ethane.® 

Thus, by applying the principle of substitution, wo can, in the simplest 
manner, derive not only ©very kind of hydrocarbon compound, stick as the 
alcohols, tho aldehyde-alcohols, aldehydes, alcohol-acids, and the acids, but 
also combinations analogous to hydrated crystals which usually aro dis¬ 
regarded. 

But even those unsaturated substances, of which ethylene, CII t CH,, and 
aoetylcne, CHC&, are types, may be evolved with ©quid simplicity, With 
respect to the phenomena of isomerism, there are many possibilities among 
the hydrocarbon compounds contaming two atoms of carbon, and without 
going into details it will be aufllcionfc to indicate that tho following formula, 
though not identical,'will bo isomeric substantially among themiiclv«« 
CHjCHXj and CILpCCH^X, although both contain tyi 4 X 3 ; or CH/'X, and 
OIIXCHX, although both contain O^H^X^, if by X we indicate chlorine or 
generally an element capable of replacing one atom of hydrogen, or capable 
of uniting with it. To isomerism of this kind belongs tho can© of aldehyde 
and the oxide of ethylene, to Which we have already referred, because both 
have the composition C^O. 

What I have said appears to mo sufficient to show that the principle of 
substitution adequately explains the composition, the isomerism, and all the 
diversity of combination of tho hydrocarbons, and I shall limit tho further 

development of these views to preparing a complete lint of every possible 
hydrocarbon compound containing three atoms of carbon in the molecule* 
There are eight in all, of which only five aro known at present. 9 

Among those possible for 0,H t , there should be two isomoridoct, propylene 
and trimethyleno, and they are both already known. For C t H 4 there should 
be three Isomerides: allylen© and alien® are known, but the third has not 
yot been discovered; and for C a H 9 there should bo two Isomerates, though 
neither of them is.known as yet. Their composition and structure are easily 

9 Ono more isomeric]©, CH.jOH(OII), in iK>fmihlo~~that in, m'cnndary vinyl aleohol, 
which in r< dated to ethylene, Oll.jOIhj, hut derived hy tho principle of nutestitufiim from 
CH 4 . Ofchor inomoridmi, nf tho computation C’*jlf 4 C>, imoh, for < xuiuph*. mi Cc'H t {< >H), 

are imjMnaibl©, hevuuso It would correspond with tho hydrocarbon C 4 11«' 11«.<< which 

fa isomeric with ©thyhme, and it cannot ho ckrived from methane. If mids a$» awnimrid© 
existed it would ho derived from €H.j» hut mich prudurtti nr©, up to tho present, unknown. 
In such «»©» the insufficiency t>f tho points of departure of tho rtatieal nf ructund teach- 
tag is shown. It first admits constant atomicity and thou r©j«wts it, tho finite sort in# hi 
establish either one or til© other view; and therefor© II scorns to urn that we tuunt mmm 
to the conclusion that tho structural mottaxt of reasoning, having duiwi a mtrvta© W 
•olsftoo. hat outlived th« age, and mutt bo regenerated, m in their Mum was the kmMng 
of tha ©laetro-ebcmteU, tha radiealtete, and the adherents of the doctrine of typ««. An 
wo cannot now lean on the views above stated, ll Is time te abandon Mm structural 
theory They will all \m united in ohomtaal mechanics, and Mm principle nf snb&!i!w!mn 
must be looked cm only as a prepamtiun for the coming epoch in rh»>»m»!ry, 

•uch cases as tho tsomarism of fnmnrio and mutate acids, when expliuimd •ipmstm ally, m 
proposed by Bo Bel and Viudt Huff, may yield point* of dnpartufo. 

* Conceding variable atomicity, Mm structuralist* most expect an incomparably larger 
of IsottwrldM, and they cannot now decline to acknowledge the change ©I 
akrtelly* wm it only for the txwptei KgOl mi UgOl* CO and C0*» P€% mi I 



deduced from ethane, ethylene, and acetylene, by methylatlon, by mefchylena* 
tion, by acetylonation and by carbonation. 

1. C 3 H 8 « CH 3 CH a CH a out of CH 3 CH 8 by methylation. This hydro* 
carbon is named propane. 

2. C a H a *» CHaCHCH^ out of CH 3 CH 3 by methylenation. This sub* 
stance is propylene. 

8. C a H a » CHaCHgCHjj out of CH 3 CH 3 by methylenation. This sub* 
stance is trimothylene. 

4. C a H 4 « CH a CCH out of- CH 3 CH 3 by acetylonation or from CHCH by 
methylation. This hydrooarbon is named allylone. 

5. C 3 1J 4 •» outof CH 3 CH 3 hy acetylenatlon, or from CHgCHjby 

methylenation,because *■ This body is as yet unknown. 

0. C s H 4 « CH s CCHg out of CHjCHj by methylenation. This hydro¬ 
carbon is named alleno, or iso-allylone. 

7. C ft H 3 m CHCH 0U |. 0 £ cH a (jH 3 by symmetrical carbonation, or out 
of CIIgCHg by acetylonation. This compound is unknown. 

8. C 8 n* • out of CItjCH 3 by carbonation, or out of CHCH by 

methylenation. This compound is unknown. 

If wo boar in mind that for each hydrocarbon serving as a type in the 
above tables there arc a numbor of corresponding' derivatives, and that every 
compound obtained may, by further methylation, methylenation, acetylena* 
tion, and carbonation, produce now hydrocarbons, and theso may bo followed 
by a numerous suite of derivatives and an immenso number of isomerio 
gubstftneoB, it Is possible to understand the limitless numbor of carbon com¬ 
pounds, although they all have the one substance, methane, for their origin. 
The number of substances is so enormous that it is no longer a question of 
enlarging the possibilities of discovery, but rather of finding some means of 
testing thorn analogous to the well-known two which for a long time have 
served as gauges for &U carbon compounds. 

I refer to the law of oven numbers and to that of limits, the first enunciated 
by Gerhardt some forty years ago, with respect to hydrocarbons, namely, 
that their molecules always contain an even numbor of atoms of hydrogen. 
But by the method which I have used of deriving all the hydrocarbons froir* 
methane, C1I 4 , this law may bo deduced as a direct consequence of the 
principle of substitutions. Accordingly, in methylation, CH S takes the place 
of II, and therefore OH* i« added. In methylenation the number of atoms of 
hydrogen remains unchanged, and at each acetylonation it is reduced by two, 
and in carbonation by four, atoms—that is to say, an even number of atoms 
of hydrogen is always added or removed. And because the fundamental 
hydrocarbon, methane, CXI 4 , contains an even number of atoms of hydrogen, 
all its derivative hydrocarbons will also contain even numbers of hydrogen, 
and this constitute® the law of even numbers. 

The principle of substitutions explains with equal simplicity the conception 
Of the limiting compositions of hydrocarbons C«H 3M + 2 * "which I derived, in 


1861, 4 in an empirical manner from accumulated material® available at that 
time, and on the basis of the limits to combinations worked out by Dr, Frank* 
land for other elements. 

Of all the various substitutions the highest proportion of hydrogen it 
yielded by metbylotion, because in that operation alone does the quantity of 
hydrogen increase; hence, taking methane as a point of departure, if wo 
imagine methylation effected (n - 1) timr.'.we obtain hydrocarbon compound®* 
containing the highest quantities of hydrogen, 8 It Is evident that they will 
contain CH* + (n - 1)013^ or C JEI# + 9 » because methylation lead* to the addi¬ 
tion of CH 9 to the compound. 

It will thus bo soon that by the principle of aubfititution—that l« to my, 
by the third law of Newton—wo aro able to deduce, in the simplest manner, 
not only the individual composition, the isomerism, and relations of nub- 
stances, but also the general lawn which govern their most complex combina¬ 
tions without having recourse cither to statical constructions, to the dot nation 
of atomicities, to the exclusion of free affinities, or to the recognition of those 
single, double or treble bonds which are so indispensable to structuralists in the 
explanation of the composition and construction of hydrocarbon compounds. 
And yet, by the application of the dynamical principles of Howton, wo can 
attain to that chief and fundamental object, the comprehension of isomerism 
in hydrocarbon compounds, and the forecasting of the existence of combina¬ 
tions as yet unknown, by which the edifice raised by atructural teaching !t§ 
strengthened and supported. Besides—and I count this for a circumstance 
of special importance—the process which I advocate will make no difference 
in those special cases which have been already so well worked out, such as, 
for example, the komeriam of the hydrocarbon® and alcohols, mm to the 
extent of not interfering with the nomenclature which ha® been adopted, and 
the structural system will retain all the glory of having worked up, in a 
thoroughly scientific manner, the store of information which Oerhardt had 
accumulated about the middle of the fifties, and the still higher glory of 
establishing the rational synthesis of organic substances. Nothing will bo 
lost to the structural doctrine except its statical origin ; and tm mum mi it 
will embrace the dynamic principles of Newton, and suffer ibu-lf to bo guided 
by them, I believe that we shall attain for chemistry that unity of pnnciplo, 
which is now wanting. Many an adept will bo attracted to that brilliant and 
fascinating enterprise, the penetration into the unseen world of the kinetic, 
relations of atoms, to the study of which the hint twenty*live years have con¬ 
tributed so much labour and such high inventive faculties, 

D’Alembert found in mechanics that if inertia be taken to represent ferns 
dynamic equation® may be applied to statical questions, which are thereby 
rendered more simple and more easily understood. 

The structural doctrine in chemistry hm nncmutdously followed the same 
course, and therefore its terms are easily adopted ; they ntny retain their 
present forms provided that a truly dynamical—that in to nay, Newtonian — 
meaning be ascribed to them. 

Before finishing my task and demonstrating the possibility of adapting 

Bend Cunt tlMferk »r \m limit©* dm ©embinristmi etpMiIqtitifi/ par D. MmMMf, 
$Hl mM 1881, JW3#i*§ d» VAotuUmie k d, 8c, d§ 8k JPHmtomrff, 1 v 




structural doctrines to the dynamics of Newton, I consider it indispensable 
to touch on one question which naturally arises, and which I have heard 
discussed more than once. If bromine, the atom of which is eighty times 
heavier than that of hydrogen, takas the place of hydrogen, it would seem 
that tho whole system of dynamio equilibrium must be destroyed. 

Without entering into the minute analysis of this question, I think it 
will bo sufficient to examine it by the light of two well-known phenomena, 
one of which will bo found in tho department of chemistry and the other in 
that. of celestial mechanics, and both will serve to demonstrate the existence 
of that unity m tho plan of creation which is a consoquonco of the Newtonian 
doctrines. Experiments demonstrate that when a heavy element is substi¬ 
tuted for a light one in a chemical compound—for example, for magnesium, 
in the oxide of that metal, an atom of mercury, which is 8| times heavier— 
the chief chemical characteristics or properties are generally, though not 
always, preserved. 

The substitution of silver for hydrogen, than which it is 103 times heavier, 
does not affect all tho properties of tho substance, though it does some. 
Therefore chemical substitutions of this kind—* the substitution of light for 
heavy atoms—need not necessarily entail changes in the original equilibrium; 
and this point is still further elucidated by the consideration that tho periodic 
law indicates the degree of influence of an increment of weight in the atom 
m affecting tho possible equilibria, and also what degree of increase in tho 
weight of the atoms reproduces some, though not all, of the properties of the 
substance. 

This tendency to repetition—those periods—may be likened to those 
annual or diurnal periods with which wo arc so familiar on tho earth. Bays 
and years follow each other, but, as they do bo, many things change; and in 
like manner chemical evolutions, changes in tho masses of tho oloxnonts, 
permit, of much remaining undisturbed, though many proportion undergo 
alteration. Tho system is maintained according to tho laws of conservation 
in nature, but tho motions arc altered in consequence of the change of parife^ 

Next, let us take an astronomical case—such, for example, as the earth and 
the moon—and let us imagine that the mass of the latter is constantly 
increasing. The question is, what will then occur t The path of the moon 
in space l« a wave-line similar to that which geometricians have named epi¬ 
cycloids!, or the loons of a point in a circle robing round another circle. But 
in consequence of the Influence of tho moon it is evident that the path of the 
earth itself cannot be a geometric ellipse, oven supposing tho sun to be im¬ 
movably fixed; it limit bo an epicyoloidal curve, though not very far removed 
from this true ellipse—that is to say, it will bo impressed with but faint un¬ 
dulations. It is only the common centre of gravity of tho earth and the 
moon which describes a true ellipse round tho sun. If the moon were to 
increase, the relative undulations of tho earth’s path would increase in ampli¬ 
tude, those of the moon would also change, and when tho ma$s of the moon 
had IncrtiMid to an equality with that of the earth, the path would consist of 
epicycloid**! curves crossing each other, and having opposite phases. But a 
similar relation exists between the sun and tie earth, because tho former ia 
also moving in space. We may apply these views to the world of atoms, and 
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suppose that In their movements, when heavy ones take the place of those 
that are lightor, similar changes take place, provided that the system or the 
molecule is preserved throughout the change. 

It seems probable that in the heavenly systems, during incalculable 
astronomical periods, changes have taken place and are still going on similar 
to*those which pass rapidly before our eyes during the chemical reaction of 
molecules, and the progress of molecular mechanics may—wo hope will—in 
course of time permit us to explain those change® in the stellar world which 
have more than once been noticed by astronomers, mud winch are now m 
carefully studied, A coming Newton will discover the laws of these changes. 
Those laws, when applied to chemistry, may exhibit peculiarities, but these 
will certainly bo more vacations on the grand harmonimiti theme which 
reigns in nature. The discovery of the laws which produce thin harmony in 
chemical evolution will only bo possible, it seems to mo, umior the banner 
of Newtonian dynamics, which hm m long waved over the domains of 
mechanics, astronomy, and physics. la calling chemists to take their utumi 
under its peaceful and catholic shadow I Imagine that I am aiding in eatab* 
lishing that scientific union which the managers of tha Royal Institution 
wish to effect, who have shown their desire to do §a by the flattering invita¬ 
tion which has given me—a Russian—the opportunity of laying before the 
countrymen of Now ton an attempt to apply to chemistry one of him Immortal 
principles* 
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THE PERIODIC LAW OF THE CHEMICAL ELEMENTS 

B* PROFESSOR MBNDELEEFF 

FAIUPAY LECTURE DELIVERED BEFORE THE FELLOWS OF 
THE CHEMICAL SOCIETY IN TIIE THEATRE OF THE ROYAL INSTITUTION, 

ON TUESDAY, JUNE 4, 1889 

The high honour bestowed by the Chemical Society in inviting me to pay a 
tribute to tho world-famed name of Faraday by delivering this lecture has 
induced mo to take for its subject the Periodic Law of the Elements—this 
being a generalisation in chemistry which has* of late attracted much 
attention. 

Whilo science in pursuing a steady onward movement, it is convenient 
from time to time to cast a glance back on the routo already traversed, and 
especially to consider tho now conceptions which aim at discovering tho 
general meaning of the stock of facts accumulated from day to day in our 
laboratories. Owing to tho possession of laboratories, modem science now 
bears a now character, quite unknown, not only to antiquity, but even to the 
preceding century. Bacon’s and Descartes* idea of submitting the mechanism 
of science simultaneously to experiment and reasoning has been fully realised 
In the case of chemistry, it having become not only possible but always 
customary to experiment. Under the all-penetrating control of experiment, 
a now theory, oven if crude, is quickly strengthened, provided it bo founded 
on a miflldont basis; tho asperities are removed, it is amended by degrees, 
ami noon loses tho phantom light of a shadowy form or of ono founded on 
more prejudice ; it is able to load to logical conclusions, and to submit to ex¬ 
perimental proof. Willingly or not, in science wo all must submit not to what 
mmm to ns attractive from on© point of view or from another, but to what 
represent! an agreement between theory and experiment; in other words, to 
demonstrated generalisation and to the approved experiment. Is it long 
since many refused to accept the generalisations involved in the law of Avo- 

wtdidv extended bv Gerhardt ? We still m&v hear the 



The striking observations with the spectroscope which have permitted us to 
analyso the chemical constitution of distant worlds, seemed, at first, appli- 
cablo to tho task of determining the nature of tho atoms themselves; but the 
working out of the idea in tho laboratory soon demonstrated that A© charac¬ 
ters of spectra are determined, not directly by the atoms, but by the mole¬ 
cules into which tho atoms arc packed; and so it became evident that more 
verified facts must be collected before it will bo possible to formulate now 
generalisations capable of taking their place beside those ordinary ones based 
upon the conception of simple substances and atoms. But as the shade of the 
leaves and roots of living plants, together with the relics of a decayed vege¬ 
tation, favour the growth of the seedling and servo to promote its luxurious 
development, in like mariner sound generalisations—together with the relics 
of those winch have proved to bo untenable—promote scientific productivity, 
aiid ensure tho luxurious growth of science under the influence of rays ema¬ 
nating from the centres of scientific energy. Such centres are scientific 
associations and societies. Before one of tho oldest and most powerful of 
these I am about to take tho liberty of passing in review the twenty years’ life 
of a generalisation which is known under' the name of tho Periodic Law. It 
Was in March 1869 that I ventured to lay before the then youthful Busman 
Chemical Society the ideas upon the same subject which I had expressed in 
my just written * Principles of Chemistry.* 

Without entering Into details, X will give the conclusions 1 then arrived 
at in the very words I used 

* l. The elements, if arranged according to their atomic weights, exhibit 
&n evident periodicity of properties, 

4 % Elements whkh are similar as regard* their chemical have 

atomic weights which are either of nearly the tame value («.#. platinum, 
iridium, osmium) or which increase regularly (@,g. potassium, rubidium, 
caesium). 

4 8. The arrangement of the elements, or of groups of elements, In the 
order of their atomic weights, corresponds to their so-called vatmrim m well 
as, to some extent, to their distinctive chemical properties —mi in apparent, 
among other nones, in that of lithium, beryllium, barium, carbon, nitrogen, 
oxygon, and iron. 

*4 Tho elements which are tho most widely difiheed have mall Atomic 

weights, 

4 5, Tho magnitude of the atomic weight determines the character of the 
dement, just as tho magnitude of At mnkwuk the character of 

a compound, 

*6. Wo must expect tho dkcov«y of many y«t mmkmmm ekxnente—for 
example, elements analogous to aluminium and silicon, whole atomic weigh! 
would bo between 60 and 75, 

1 7. Tho atomic weight of an element may sometimes bd amended by & 
knowledge of those of the contiguous elements. Thus, the atomic weight <4 
thorium must he between XM and 126, and cannot be 1S8. 

€ t* Certain chiumtiintitii; proprtlti of the dementi eta b# fwttdld from 

tjimr ofcftmiA w ed.i*htm. 



• The aim of this communication will he fully attained if I succeed in, 
drawing the attention of investigators to those relations which exist between! 
the atomic weights of dissimilar elements, which, so far as I know, have! 
hitherto boon almost completely neglected. I believe that the solution of* 
some of the most important problems of our science lies in researches of this! 
kind/ 

To-day, twenty years after the above conclusions were formulated, they 
may stiU be considered as expressing the essence of the now well-known 
periodic law. 

Bevortlng to tho epoch terminating with the sixties, it is proper to indi¬ 
cate throo series of data without the knowledge of which the periodic law 
could not have been discovered, and which rendered its appearance natural 
and intelligible. 

In the first place, it was at that time that the numerical value of atomic 
weights became definitely known. Ten years earlier such knowledge did not 
exist, as may bo gathered from the fact that in 1860 chemists from all parts 
of tho world mot at Karlsruhe in order to come to some agreement, if not 
with rospoct to views relating to atoms, at any rate as regards their definite' 
representation. Many of those present probably remember how vain were 
the hopes of coming to an understanding, and how much ground was gained' 
at that Congress by tho followers of tho unitary theory so brilliantly repre¬ 
sented by Cannizzaro. I vividly remember the impression produced by his 
speeches, which admitted of no compromise, and seemed to advocate truth 
itself, based on tho conceptions of Avogadro, Gerhardt, and Kcgnault, which 
•at that time wore far from being generally recognised. And though no 
understanding could bo arrived at, yet tho objects of tho meeting were attained,. 



smallest portion of an element which enters into a molecule of its compound/ 
Only such real atomio weights—not conventional ones—could afford a basis 
for generalisation. It is sufficient, by way of example, to indicate the 
fallowing cases in which the relation is seen at once and is perfectly dear:— 

K -8d Bb-85 Cs-188 

Ca»40 Sr-87 Ba«187 

whereas with tho equivalents then in use— 

K -89 ' Kb - 85 Cs -188 

Ca » 20 Sr -48*5 Ba-CB‘5 

the conmT.utivonofis of change in atomic weight, which with tfie true values 
i$ so evident, completely disappear^. 

Secondly, it had become evident during tbo period 1860-70*, and even 
during the preceding decade, that tho relations between the atomic, weights 
of analogous elements wore governed by some general and simple laws. 
Cooke, Cromers, Gladstone, Gmelin, Lenssen, Pettenkofer, and especially 
Dumas, bad already established many facts bearing on that view. Thus 
Daman compared tho following groups of analogous elements with organic 
radicles 
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and pointed out soma really striking rtklonsMp*, snob at the following 
F * 19. 

Cl -85*6-19 + 10*6 
Br«80 ® 10+ 2x16*5+ 28. 

I «m-2x40 + 2x16*5+2x28. 


A* Strockor, 1ft Ms work * Thoorion und Exporimcnto snr Ttostimmun# 
der Atoxngowiehto dor Element©' (Braunschweig, I860), after Hummarislng 

the data relating to the subject, and pointing out the remarkable serins of 

equivalents-~ 

Gt«»2 Mn«27*6 F©«»28 Nl-29 0o«80 €tt«8l*7 

Zn » 82*6 

remarks that: It is hardly probable that all the above-mentioned relatione 
between tiro atomic weights (or equivalents) of chemically analogous elements 
are merely accidental. We must, however, leave to the foturo the discovery 
of the Imo of the relations which appears in theta figures.* * 

In inch attempts at arrangement and in such view® are to be recognised 
the reed forerunners, of the periodic law; the ground was prepared for It 
between 1860 and 1870, wad that it wt® not oiprowd in a determinate form 
before the end of the decade may, I suppose, be ascribed to the fact that only 
analogous element* had been compared. The idea of seeking for a relation 
between the atomic weights of aU the elements was foreign to the ideas then 
current, so that neither the tm tdluHqm of Pe Chanoourtoifi, nor the law t »/ 
octaves of NewUunds, could secure anybody’s attention. And yet kith Pc 
Chonoourtoi® and Howland® like Pumas and 8trucker, morn than 
and Pottenkofor, had made an approach to the periodic law and liiw! dis¬ 
covered its germs. The solution of the problem advanced hist nfowly, because 
the facts, but not the law, stood foremost in all attempts; and the law could 
not awaken a general interest so long as elements, leaving no app&rtmft mn« 
nection with each other, were included in the same octave, as for example> 
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Analogies of the above order seemed quite accidental, and the more so m 
Ihi octavo contained occasionally tea elements instead of eight, ami w him two 


1 4 B* lit wold k&am sumiwhauin, dim# «dW im Voibixgshttidiin hiirvtirgwlmtMHMni 
swfaMhen’ den Afeomgowlehtoii (odor Af^ulmk^tca) In ehotsUMdum VwluiH* 
tSmm ofatete Xhidfebe llemsnts blest ittidlfg *l»4 iPte Attfllndttng der lii diets® 
WWteUckm nllim wk jtikijb te Zukuuft ttbsr Lmumii.* 


suoh elements as Ba and V, Co and Ni, or Bit and Ru, occupied one place in 
the octave.’ Nevertheless, the fruit was ripening, and I now see clearly thab 
Streckor, Do Chancourtois, and Newlands stood foremost'in the way towards 
the discovery of the periodic law, and that they merely wanted the boldness 
necessary to place the whole question at such a height that its reflection on 
the facts could be clearly seen. 

A third circumstance which revealed the periodicity of chemical elements 
was the accumulation, by tho end of the sixties, of new information respecting 
the raro elements, disclosing tboir many-sided relations to tho other elements 
and to each other. Tho researches of Marignac on niobium, and those of 
Boscoo on vanadium, wore of special moment. The striking analogies between 
vanadium and phosphorus on the one hand, and between vanadium and 
chromium on the other, which became so apparent in the investigations con¬ 
nected with that element, naturally induced the comparison of V ® 51 with 
Cr m 52, Nb«94 with Mo « 96, and Ta «192 with W ® 194; while, on the 
Other hand, 2? « 81 could be compared with S « 82, As « 75 with Se » 79, and 
Bh • 120 with To* 125. From such approximations there remained but one 
stop to tho discovery of tho law of periodicity. 

The law of periodicity was thus a diroct outcome of the stock of generali¬ 
sations and established facts which had accumulated by the end of the deoade 
1800-1870: it is an embodiment of those data in a more or less systematic 
expression. Where, then, lies the secret of the special importance which has 
since been attached to the periodic law, and has raised it to the position of a 
generalisation which has already given to chemistry unexpected aid, and 
which promises to bo far more fruitful in tho future and to impress upon 
several branches of chemical research a peculiar and original stamp ? The 
remaining part of my communication will bo an attempt to answer this 
question. 

In the fust place wo have tho circumstance that, as soon as tho law made 
Its appearance, it demanded a revision of many facts which were considered 
by chemists as fully established by existing experience. I shall return, later 
on, briefly to this subject, but 1 wish now to remind you that the perfodio 
law, by insisting on the necessity for a revision of supposed facts, exposed 
itself at once to destruction in its very origin. Its first requirements, how¬ 
ever, have been almost entirely satisfied during the last 20 years; the sup¬ 
posed facts have yielded to the law, thus proving that the law itself was a 
legitimate induction from tho verified facts. But our inductions from data 
'bavo often to do with such.details of a science so rich in facts, that only 
goneraliaationH which cover a wide range of important phenomena can attract 
general attention. What were tho regions touched on by the periodic Jaw 2 
This Is what wo shall now consider, 

Tho most important point to notice is, that periodic functions, used for 
the purpose of expressing changes which arc dependent on variations of time 
and spaoe, have been long known. They are familiar to the mind when we 
have to deal with motion in closed cycles, or with any kind of deviation from 

• To Ju%« from J. A. R. Newlands’s work, On the XHsoovery of the Periodic Law, 
London, 3HH4, p. 140; *Oa tho Law of Octaves * (from the (Jhemical News, 12, 88 4 
August IB, 1W5). 


a stable position, siien as occurs m ponuiuuiu-osouuwions. a uko puriocuo 
function becamckovident la the case of the elements, depending on the mass 
of the atom. The primary conception of the masses of bodies, or of the masses 
of atoms, belongs to a category which the present state of science forbids ns 
to discuss, because as yet wo have no means of dissecting or analysing the 
conception. All that was known of functions dependent on masses derived 
its origin from Galileo and Newton* and indicated that such function** 
either decrease or increase with the increase of mass, Mice the attraction of 
celestial bodies. The numerics! expression of the phenomena was always 
found to be proportional to ‘the mass, and in no case was an increase of mail 
followed by a recurrence of properties such as is disclosed by the periodic law 
of tho elements. This constituted such a novelty In the study of the phenomena 
of nature that, although it did not lift tho veil which conceals the true concep¬ 
tion of mass, it nevertheless indicated that tho explanation of that conception 
must bo searched for in tho masses of the atoms; the more no, as all masaea 
are nothing but aggregations, or additions, of chemical atoms which would be 
best described as chemical individuals. Let me remark, by the way, that 
though the Latin word * individual' is merely a translation of the Greek word 
4 atom/ nevertheless history and custom have drawn a sharp distinction 
between the two words, and the present chemical conception of atoms it 
nearer to that defined by the Latin word than by tho Greek, although this 
latter also has acquired a special meaning which was unknown to tho classics. 
The periodic law has shown tlmt our chemical individuals display a harmonic 
periodicity of properties dependent on their masses. Now natural science 
has long been accustomed to deal with periodicities observed in nature, to 
seise them with the vice of mathematical analysis to submit them to tho 
rasp of experiment. And thee# instramente^of coieotiAo thought would, 
surely, long since, have mastered the problem mmmUik with the chemical 
elements, were It not for a new feature which was brought to light by tho 
periodic law, and which gave a peculiar and original character to the periodic 
function. 

If wo mark on an axis of abscissa* a aeries of lengths proportion**! to 
angles, and trace ordinates which are proportional to sines or other trigono¬ 
metrical fhnotions, we got periodic curves of a harmonic character. Ho it 
might seem, at flrit sight, that with tho increase of atomic weights the flmcy 
tion of the properties of the dements should also vary In the came harmonlmij 
way. But in this case there is no such continuous change as in tho our von 
Just referred to, because the periods do not contain the Infinite number of 
points constituting a curve, but a pdfa number only of such points. An 
example will .better i$dtfe4te this view. The atomic wtlgbtt-*- 

Ag-108 Cd»lld In* 1X8 Bn » 118 8b-I» 

t© • ns imtm 

steadily increase, and their increase k accompanied by m modification of 
many properties which constitutes the essence of the periodic law. Thus, 
lor example, the densities of the above elements d«»ait§ steadily, bolbg 

tm m 7*4 7 * 6*7 6*4 4 # 


wM© their oxides contain an increasing quantity of oxygen— 

Ag a O Cd,O a ln 2 0 3 Sn 2 0 4 Sb 2 0 5 Te 2 0 6 1*0, 

But to connect by a. curve the summits of the ordinates expressing any 
bf these properties would involve the rejection of Dalton’s law of multiple 
proportions. Not only are there no intermediate elements between silver, 
which gives AgCl, and cadmium, which gives CdCl*, but, according to the 
very essonce of tho periodic law, there can be none ; in fact a uniform curve 
would be inapplicable in such a case, as it would lead us to expect elements 
possessed of special properties at any point of the curve. The periods of the 
elements have thus a character Very different from those which are so simply 
represented by geometers. They correspond to points, to numbers, to sudden 
.changes of the masses, and not to a continuous evolution. In these sudden 
•changes destitute of intermediate stops or positions, in the absence of 
elements Intermediate between, say, silver and cadmium, or aluminium 
and silicon, we must rocognise a problem to which no direct application 
of tho analysis of tho infinitely small can bo made. Therefore, neither the 
trigonometrical functions proposed by Ridborg and Flavitzky, nor the pen- 
dulum-oscillations suggested by Crookes, nor the cubical curves of the Rev. 
Mr. Haughton, which have been proposed for expressing tho periodic law, 
from the nature of the case, can represent the periods of the chemical 
elements. If geometrical analysis is to be applied to this subject, it will re# 
quire to bo modified in a special manner. It must find the means of repre¬ 
senting in a special way, not only such long periods as that comprising 

K Ca Bo Ti V Cr Mn Fo Co Ni Cu Zn Ga Ge As Se Br» 

but short periods like tho following 

Na Mg A1 Si P 8 CL 

In the tWry of numbers only do we find problems analogous to ours, 
and two attempts at expressing the atomic weights of the elements by alge¬ 
braic formulae seom to bo deserving of attention, although neither of them 
can bo considered as a complete theory, nor as promising finally to solve the 
problem of the periodic law. Tho attempt of E. J. Mills (1866) does not 
even aspire to attain this end. He considers that all’atomio weights can be 
expressed by a logarithmic function, 

15(n-0*9875'), 

in which the variables n and t arc whole numbers. Thus, for oxygen, 2, 

and i » 1, whence its atomic weight is - 15*94; in the case of chlorine, 
bromine, and iodine, n has .respective values of 8 , 6 , and 9, whilst t m 7, 6, 
and 0; in tho cane of potassium, rubidium, and caesium, n « 4, and 9, and 

t - 14, 18, and #0. 

Another attempt was made in 1888 by B. N. Tohitch&in. Its author 

places tho problem of the periodic law in the first rank, but as yet he has 
investigated the alkaU metals only TchitcMrin first noticed the simple 





relations existing between the atomic volumes of all alkali metals ; they 
can be expressed, according to bis views, by the formula 

0*00585 An) * 

xvhoro A is the atomic weight, and n is equal to 8 for lithium and sodium, to 
4 for potassium, to 8 for rubidium, and to 2 for cinsium. If n remained equal 
to 8 during the increase of A, the volume would become zero at A « 40§* 
and it would reach its maximum at A » 28£. The close approximation of 
the number 46§ to the differences between the atomic weight* of analogous 
elements (such as Cs - Rb, I — Rr, and so on); the close correspondence of 
the number 23 J to the atomic weight of sodium; the fact of n being nee§i* 
sarily a whole number, and several other aspects of the question, induce 
Tchitchrirln to believe that they afford a (duo to the undondanding of the 
nature cf the elements ; we must, however, await the full development of 
his theory before pronouncing judgment on it. What we ean at present only 
be certain of is this; that attempts like the two above named must ho ro* 
peated and multiplied, because the periodic law has clearly shown that the 
masses of the atoms increase abruptly, by stops, which arc clearly connected 
in some way with Dalton's law of multiple proportions ; and because tho 
periodicity of the ©laments finds expression In the transition from IIX to 
RX, 4 , RX s , RX t , and so on till ltX 4 , at which point, the energy of the com¬ 
bining forces being exhausted, the scries begins anew from UK to ltX 3 , find 
so on. 

While connecting by now bonds the theory of the chemical elemonU with 
Dalton's theory of multiple proportions, or atomic structure of bodies, thci 
periodic law opened for natural philosophy a now and wick field for spootik- 
tion. Kant laid that there ar© la the world 1 two things which nttver was# 
to call for the admiration and rovoronco of man i tlitf moral law within 
ourselves, and the stellar sky above md But when w# turn our thoughts* 
towards tho nature of tho olcimmts and the periodic law, wo must add si third 
subject, namely, * tho nature of the elementary individual:* which w©dbu*«*\er 
everywhere around ns/ Without them tho Hlidlnr rky itnelf is isioonot’iv- 
able; and in tho atoms wo hoc at unco their peculiar individualities, the in* 
finite multiplicity of the individuals, and the nuluukirion of their eeeimitg 
freedom to tho general harmony of Nature. 

Having thus indicated a new myutwry of Nature, which d«ti not yet yield 
to rational conception, tho periodic law, togothur with the revelations uf 
spectrum analysis, have contributed to again revive an old but remarkably 
long-lived hop©—that of discovering, if nut by experiment, at kimt by n 
mental effort, th© primary malUr—* which had iu gonitis In th# minds of 
the Grecian philosophers, and has boon transmUtf*!, toffttlwr willi iiiniiy 
other idea* of th© olastlo period, to the Itttlri of their civilisation. Having 
grown, during tho times of tlu> alchemists up to the period when mpcriiii* nliil 
proof was roquhod, the idea 1ms rendered gmul tierviru; it Induced tlumi 
observation! and experiments which later «« eiillwi into luring tlni 
works of School©, Lavoisier, IM©«tky, nnd Cavomlish. It then slutubuml 
awhile, bit was soon awakened by tho attempts cither to confirm m to rotate 
#©II#i#©fih?oit«i to tho multiple proportion relationship of tho ntomio 



Righto of all the elements. And once again the inductive or experimental 
method of studying Nature gained a direct advantage from the old Pytha- 
goroan idda: because atomic weights were determined with an accuracy 
formerly unknown. But again the idea could not stand the ordeal of experi¬ 
mental test, yet tho prejudice remains and has not been uprooted, even by 
Bias; nay, it has gained a new vigour, for we see that all which is imperfectly 
worked out, new and unexplained, from the still scarcely studied rare metals 
to the hardly perceptible nebulae, have boon used to justify it. As soon as 
spectrum analysis appoafcs as a new and powerful weapon of chemistry, the 
idea of a primary matter is immediately attached to it. From all side§ we 
see 'attempts to constitute-the imaginary substance helium 3 the. so much 
longed for primary matter.. No attention is paid to the ciroumstance that 
the helium line is only seen in the spectrum of the solar protuberances, so 
that its universality in Nature remains as problematic as the primary matter 
itself; nor to tho fact that tho helium lino is wanting amongst the Fraun¬ 
hofer lines of the solar spectrum, and thus does not answer to the brilliant 
fundamental conception which gives its real foroe to spectrum analysis. 

And finally, no notice is oven taken of tho indubitable fact that the bril¬ 
liancies of tho spectral lines of tho simplo substances vary under different tem¬ 
peratures and pressures; so that all probabilities aro in favour of thd helium 
lino simply belonging to qomo long sirioo known, element placed under such 
conditions of temperature, pressure, and gravity as have not yet been realised 
in our experiments. Again, tho idea that tho excellent investigations of 
Lockyor of tho spectrum of iron combo interpreted in favour of the‘ compound 
nature of that element, evidently must have orison from some misunder¬ 
standing. Tho spectrum of a compound certainly docs not appear as a 
eum of the spectra of its components; and thoroforo the observations of 
Lockyer Can bo considered precisely as a- proof that iron undergoes no other 
changes at tho temperature of tho sun than those which it experiences in the 
•voltaic arc—provided tho spectrum of iron is preserved. As to the shifting 
of spm© of tho linos of the spectrum of iron while the other lihes maintain 
their positions, it can bo explained, as shown by M. Kleiber’ (* Journal' of the 
Russian Chemical and Physical Society, 1885,147), by the relative motion 
of tho various strata of the sun's -atmosphere, and by Z&llner’B laws of the 
relative brilliancies of different lines of the spectrum. Moreover, it ought 
not to bo forgotten that if iron were really proved to consist of two or more." 
unknown elements, wo should simply have an increase in the number of our 
elements—not a reduction, and still less a reduction of all of them to one 
single primary matter. 

Fooling that spectrum analysis will not yield a support to tho Pythagorean 
conception, its modem promoters aro so bent upon its being confirmed by 
the periodic law, that the illustrious Berthelot, in his work *Les origines de 
VAkhJmie,' 1885,818, has simply mixed up the fundamental idea of the law 
of periodicity with the ideas of Front, the alchemists, and Democritus about 
primary matter, 4 But the periodic law, based as it is on the solid and whole* 

8 That i§, a substance having a wave-length equal to 0*0005875‘ millimetre. 

4 He maintain** (cm p, $00) that the periodic law requires two new analogous 
elements, having atomic weight# ot 48 and 64, oooupying positions between sulphur 



some ground of experimental research, has boon evolved independently of 
any conception as to the nature of tho elements; it does not in the least 
Originate in tho idea of a unique matter; and it has no historical connec¬ 
tion with that redie of tho torments of classical thought, and therefore it 
affords no more indication of the unity of matter or of tho compound character 
of our demon is, than tho law of Avogadro, or tho law of specific heats, or 
©von tho conclusions of spectrum analysis. None of th« advocates of a 
unique matter have ever tried to explain tho law from tho standpoint uf ideas 
taken from a remote antiquity when it vyas found convenient to admit tho 
existence of many gods—and of a unique matter. 

When wo try to explain tho origin of the idea of a unique primary 
matter, wo easily trace that in tho absence of inductions from experiment it 
derives its origin from tho scientifically philosophical attempt, at d§\co\cring 
eomo kind of unity in the immense diversity of individualities which wo mm* 
around. In classical times such a tendency could only bo natbdwd »>y con¬ 
ceptions about tho immaterial world. Ah to the materia! world, our itneodun* 
wore compelled to resort to some hypothesis, and they adopted tho idea of 
unity in the formative material* beoauso they were not able to evolve tho 
conception of any other possible unity in order to connect tho multifarious 
relations of matter. Responding to the same legitimate scientific tendency, 
natural soienoo has discovered throughout tho universe » unity of plan, 11 
unity of forces, and a unity of matter, and the com hiring comdmuon i of 
modern schmco compel ©very one to admit these hinds of unity. Hut while 
W© admit unity in many things, we none the lean must also explain tlw 
individuality and tho apparent diversity which we cannot fad to trace every- 
where. It has boon said of old, * Give m it fulcrum, and it w ill become ©my to 
displace th© earth/ So also we must my, * (live tin something that in hull vntn. 
allied, and tho appartnt divarsity will b© ©a*illy understock!/ Otfmrwow, how 
could unity result in a multitude t 

After a long and painstaking research, natural science tiau discovered tint 
individualities of tho clumucal elements, nml therrhue it f< tww capable inti 
only of analysing, but also of iiynlhemsbtjf; It van uudorutaiul and grasp 
generality and unity, m well as the individualised and the umUifiirimii, 
The general and universal, like time and space, like forro and motion, vary uni* 
formly ; th© uniform admit of interpolation*, rtmadmg every iiitiifiiirdiiitij 
phase. But th© multitudinous, tho Imliviihuillstnl—suett as ottrwhmpf tlui 
cheroieal ©lament#, or the tmmibors of it peculiar period i© function nt‘ tho 
tlemonts, or Dalton’s multiple propnrtlmts—1* ©harnettiriftwi in another 
way: W§t«© k It, sld© by sldo with a connecting genera) principle, leaps, 
breaks of continuity, points which escape front tlw analysis of the infinitely 
gmadl—an absence of complete Intermediate link#. Chemistry has found mx 
answer to th© question m to tit© causes of multitudes ; iirtti while retaining 
th© conception of many elements, all submitted to the dturiphtt© of a general 

law, It offer* an escape from th© Indian Nirvana.tho Hlmorptmu in tlw 

tttdvtwib replacing it by tlw individualised. However, th© pUce fur iinll. 

mA siMsa^ although ©©thing of th© kind results tmm any of tli# dii«t*nt rtmliftp ©f 


vi&mllty is so limited by the all-grasping, all-powerful 'universe^, that 
merely a point 6f support for the understanding of multitude in unity. 

Having touched upon the metaphysical bases of the conception 
uniquo matter which is supposed to enter into the composition of all be 
1 think it hocossary to dwell upon another theory,, akin to the above coi 
tion—tho theory of tho compound character of tho elements now admitte 
some—and especially upon one particular circumstance which, being re' 
to tfie poriodic law, is oonsidorod to bo an argument in favour- of that 1: 
thosis. 

Dr. Polopidas, in 1889, made a communication to the Russian Ohei 
and Physical Society on the periodicity of the hydrocarbon radicles, pob 
oujt tho romarkablo parallelism whioh was to be noticed in the chan 
properties of hydrocarbon radicles and elements when classed in gr< 
Professor Camelley, in 18&0, developed a similar parallelism. The id< 
M. Polopidas will bo easily understood if we consider the series of hi 
carbon radicles which contain, say, 0 atoms of carbon:— 

i. ii. 'in. iv. v. vi. vii, i 

O 0 H w C 6 H u 0 6 H 1q Oft O e H 8 C 0 H 7 < 

The first of these radiclos, liko tho olomonts of the 1st group, combines 
01, OH, and so on, and gives tho derivatives of hexyl alcohol, C 6 H 13 (( 
but, in proportion as the number of hydrogen atoms decreases, the cap 
of tho radicles of combining with, say, the halogens increases. O e H la ah 
combines with 2 atoms of chlorine; G 0 H U with 8 atoms, and so on. 
last members of tho series comprise tho radicles of acids: thus CJEIg, w 
belongs to tho 0th group, givos, liko sulphur, a bibasio acid, O 0 H a O a (C 
which Is homologous with oxalic acid. Tho parallelism can be traoed 
further, because O rt II 5 appears as a monovalont radicle of benzene,- and 
It begins a now series of aromatic derivatives, so analogous to tho derivatr 
tho aliphatic sories. Lot me also mention another example horn among • 
which have boon given by M. Polopidas. * Smarting from the alkal in e ra 
of monomethylammonium, N(GByH a ? or -NGH*, whioh presents i 
analogies with tho alkaline metals of the 1st group, he arrives, by success 
diminishing tho number of the atoms 6t hydrogen, at *a 7th group w 
contains cyanogen, ON, wMoh has long since been compared to the hale 
of the 7th group. 

Tho most important oonsoquenoe which, in tny opinion, can be <$ 
from tho above comparison is that the poriodic law, so apparent ir 
olomonts, has a wider application than might appear at first sight ; it c 
up ft now vista of chemical evolutions. But, while admitting tho ft 
parallelism between the periodicity of the olemonts and that of the comp 
radicle*, wo must not forget that In the periods of the hydrocarbon rad 
we have a docnwHt of mass as we pass from the representatives of the 
group to the next, while in the periods of the elements the mass vnvri 
during the progression. It thus becomes evident that we cannot speak < 
identity of periodicity in both, oases, unless we put aside the ideas of i 
end attraction, whioh are the real comer-stones of* the whole of na 
science, and even enter into those very conceptions <?f simple substances v 




cam© to light a fall hundred years later than the immortal principles of 

Newton. 5 

From the foregoing, as well as from the failures of so many attempts at 
finding in experiment and speculation a proof of the compound character of 
the elements and of the existence of primordial matter, it in evident, in my 
opinion, that this theory must be classed among mere utopian. Nut utopias 
can only be combated by freedom of opinion, by experiment, and by new 
utopias. In the republic of scientific theories freedom of opinions is guaran¬ 
teed. It is precisely that freedom which permits me to criticise openly ill© 
widely-diffused idea as to the unity of matter in the elements, Experiments 
and attempts at confirming that idea have been so numerous that It really 
would be instructive to have them all collected together, If only to serve as a 
warning against the repetition of old failures. And now as to new utopias 
winch may bo helpful in the struggle against the old ones, I do not think It 
quite useless to mention a phmiUuty of one of my students who imagined that 
fcho weight of bodies does not depend upon their mass, but upon the character 
of the motion of their atoms. The atoms, according to this now utopian, may 
all be homogeneous or heterogeneous, wu know not which; wo know them 
In motion only, and that motion they maintain with the some poraietermo m 
the stellar bodies maintain theirs, The weights of atoms differ only in con¬ 
sequence of thoir various modes and quantity of motion; the hcuviiwt atoms 
may be much simpler than fcho lighter ones : thus iui atom of mercury may 
be simpler than an atom of hydrogen—the maimer In which it moves causes 
it to bo heavier. My interlocutor oven suggested that Urn view which 
attributes the greater complexity to the lighter elements finds confirmation 
In the fact that the hydrocarbon radicles mentioned by i’elopidtui, while 
becoming lighter m they lose hydrogen, change their properties periodically 
in the same mmmr m the elements change theirs, according m the atoms 
grow heavier. 

The French proverb, La mitiqm mi fmik\ nmw Vart mi how¬ 

ever, may well be reversed in the case of till such ideal \ i«ws, m it i* much 
easier to fomudate than to criticise them. Arising from tint virgin soil of 
newly-established facts, the knowledge relating to fcho elements, to their 
masses, Mid to the periotlie changes of their properties has given a motive 
for the formation of utopian hypotluwcs, probably bttcause they could tmt be 
foreseen by the aid of any of the various metaphysical ay stems, and exist, 
Hk§ the idea of gravitation, as an indcpemkmt outcome of natural science, 
requiring the aeknowlcdgutoui of general laws, wlniit Uiese have been estab¬ 
lished with the same degree of poraiafteney m is tadisputtsablit for the accept- 
asset of a thoroughly established fact. Two centuries have elapsed sine© tint 
theory ofgraritatkn was enunciated, and although we do not ttwlerslfutd itn 
cause, w© stUl must regard gravitation as a famltuueittal e<met*ptiMn of mt ural 
philosophy, a conception which has enabled u* to porcidvo much no >r«» than 
the mit&physkutns did or could with their •ottniiijf €>umieeiet*oe« A hundred 

1 Ittenoteworihy that the year in which XmMm wan Um (m»)~tlM mihm #1 
am asm m dmmk* and of the tadstfKMfttMUtgr of matter - m later hf mmtt? am 

ewpipPlF tht® fha P» la whloh the attthmr of tha theory «sf giaeltatten aa4 woes wm§ laica 


years later the conception oi the elements arose; it made chemistry wl 
now is; and yot we have advanoed as little in our comprehension of si 
substanoos since the times of Lavoisier and Dalton as we have in our tn 
standing of gravitation. The periodic law of the elements is only tw 
years old; it is not surprising, therefore, that, knowing nothing about 
causes of gravitation and mass, or about the nature of the elements, vt 
not comprehend the rational# of the periodio law. It is only by colie 
established laws—that is, by working at the acquirement of truth—the 
can hopo gradually to lift the veil which, conceals from us the causes c 


teloscopo and tho microscope, laws founded on the basis of experimen 
the instruments and means of enlarging our mejital horizon. 

In the remaining part of my communication I shall endeavour to e 
end as briefly as possible, in how far the periodio law contributes to en 
our range” of vision. Before the promulgation of this law the chei 
elements wore mero fragmentary, incidental facts in Nature; there wi 
special reason to expect the discovery of new elements, and the now 
which wore discovered from time to time appearod to bo possessed of 
novel properties. Tho law of poriodicity first enabled us to perceive u 
covered olomonts at a distance which formorly was inaccessible to chei 
vision; and long ore they wore discovered new elements appeared befor 
eyes possessed of a number of well-defined properties. We now know 
cases of olomonts whoso oristenco and properties were foreseen by the w 
mentality of the periodic law. I nood but mention the brilliant discovc 




(tllHIiy cllil *!•) IT* I 




Lecoq do Boisbaudran ; of sccmdium > corresponding to okaboron, by Ni 
and of r/ermanium, which proved to correspond in aU respoots to okasi 
by Winkler. When, in 1871,1 dosoribod to tho Bussian Chemical S< 
tho properties, clearly defined by the ^periodio law, which such elei 
ought to possess, I never hoped that I should live to mention their disc 
to tho Chemical Society of Great Britain as a confirmation of the exaol 
and tho generality of the periodic law. Now that I have had the hap] 
of doing so, I unhesitatingly say that, although greatly enlarging our v 
even now tho periodic law needs farther improvements in order that ii 
become a trustworthy instrument in further discoveries.® 

I will venture to.aUudo to some other mattery whioh chemistry ha 
‘Corned by means of its new instrument, and which it could not have 


« X foresee gome* more now olomonts, but not w s ith tho soma certitude as befc 
tfmil give one example, and yot I do not bo© it quite distinctly, In tho scries whic 
t&lns Kg •*5104, and Bi«208, wo can imagine tho existence (at tho place V 

of an element analogous to tellurium, which wo oan describe as dri-tdlurium, Dt, 1 
Mi atomic weight of SIS, and tlx© property of forming tho oxide DtOg. If this el 
ff&Hy cxUlt, it ought in the free state to be on easily fusible, crystalline, non-v 
tttW of a grey colour, haring a density of about 0*8, capable of giving a dioxide, 
equally endowed with feeble acid and basic properties. This dioxide must give on 
oxidation an unstable higher oxide, DtO* which should resemble in its properties 
and Bl 8 Oa. Dri-tolluriom hydride, if it be found to exist, wffl be a less stable com 
Ilian even H*To. Urn compounds of dri-toUurium trill be why reduced, and it wi! 






out without a knowledge of the law of periodicity, and I will confine myself 
to simple substances and to oxides. 

Before the periodic law was formulated the atomic weights of the elements 
wore purely empirical numbers, so that the magnitude of the equivalent, and 

iko atomicity, or the value in substitution possessed by an atom, could only 
ho tested by critically examining the methods of determination, but never 
directly by considering the numerical values themselves; in short, we wora 
compelled to move in the dark, to submit to the facts, instead of being maulers 
of them. I need not recount the methods which permitted the periodic law 
at last to master the facts relating to atomic weights, and I would merely 
call to mind that it compelled im to modify the valencies of imlium and 
etrrwm, and to assign to their compounds a different molecular composition* 
Determination# of the specific heats of them* two metals fully confirmed thci 
change. The trivalency of yttrium % which make# tot now roprouont its nxlda 
m Y y 0 4 imiteud of an YO» was also forenoon (in 1870) by the perlodie law, ami 
It has now become no probable that GlAvo, and all other mdmoquent isiviintl- 
gators of the rare metals, have not only adopted it, but have also applied If 
without any mw demonstration to an iwtfwtoly known as tho*w 

of the eurite and gadolinito group, eepooklly since HiUebrnnd deton nined the 
tpaoidn heats of lanthanttin and clidymittxn and confirmed the expectations 
suggested by the periodic kw. But here, OHiuKtklly In the m%mi of (lidymium, 
wo meet with a scries of difllouUieu long since foreman through the pertmfki 
law, but only now becoming evident, ami chiefly arising from the relative 
rarity and intufflekat knowledge of the elements which tumidly insccinipiuif 
didymium. 

Fisting to tli# reunite obtained In the «mms of the rare element# 5i»ry 
tomMum, wad It is found that those have many point* of contact 

with the periodic kw. Although Avddsff long &rm proposed the magnesia 
formuk to represent beryllium oxide, yet tburii was so much to he said in 
favour of the alumina formuk, on account of the specific h«it «f tin* metal# 
and the womorphimii of the two oxides, that it became gimemlly adopted 
and seemed to be well iitabliiliinL The periodic law, however, m llranrwr 
repeatedly insisted {* Iterichte,* IH7H, 87‘J; 1H8I, 5fl), was against the formula 
; it required the magnesia formula liuCi—thiit fo, an atottiifi weight 
of 9-~b*oaute there wa* no place in the system for tin oiemont like beryllium 
having an atomic weight of 18*5. This divergence of opinion lusted for 
y#«f«, and 1 often bwrl th&l the question m to the atomic weight of beryllium 
threatened to disturb tho pnondity of ill® pifioili kw, or, iif any rate, to 
require sous important modifiostteus of it. Many fores* wore operating in 
the eosrtrefiwy re^fdlnf beryllfax&i evidently foams* » itmoh more ini- 
portent question wss at Iseus then merely that involved la the dieeueeioti of 
tli# atomio weight of ft relatively rere element: and dtufiiif the etmtreverey 
the periodic kw become bolter utuloretocsl, «itl the mutual reklinns of the 
elements become maw apparent then ever before. It m most remarkable tlesl 
the victory of the periodic kw was won by the rmmmhm of the very uhmrvmm 
who yrevfau&y h&d dkeowdl ft number of iwii in support of the tel* 
«§l®t§y of b^liwB, Apptying the higher kw of Avofmlro, Nikon mi 

WitttoiikMiM Imum. aAimbhvi flmfc. iilm. Auultw 4k* mhmm 


lium chloridOy^BoCljj, obliges us to regard beryllium as bivalont in 
conformity witE the poriodio law. 7 I consider the confirmation of AvddofFs 
and Braunory viow as important in the history of the periodic law as the 
discovery of scandium, wdiich, in Nilson’s hands, confirmed the existent?© of 
okaboron. 

Tho circumstance that thorium proved to bo quadrivalent, and Th » 232, 
in accordance with tho views of Chydenius and the requirements of thl 
periodic law; passed almost unnoticed, and was accepted without opposition, 
and yet both thorium and uranium aro of groat importance in tho periodic 
system, an they aro its last members, and have tho highost atomic weights of 
all tho elements. 

Tho alteration of tho atomic weight of uranium from U «120 into U «240 
attracted more attention, the chango having been made on account of the 
periodic law, and for no other reason. Now that Roscoe, Rammelsberg, 
Zimxnorraann, arid several others have admitted the various claims of the 
periodic law in tho ease of uranium, its high a'tomio weight is received .with¬ 
out objection, and it endows that element with a special interest. 

While thus demonstrating tho necessity for modifying tho atomic weights 
of several insufficiently known elements, tho periodic law enabled us also to 
detect errors in tho determination of tho atomic weights of sovoral elements 
whose valencies and true position among other elements were already well 
known. Three such oases aro especially noteworthy: those of tellurium, 
titanium and platinum. Berzelius had determined tho atomic weight of 
tellurium to ho 128, while tho periodic law claimed for it an atomic weight 
below that of iodine, which had been fixed by Stas at 126*5, and which was 
certainly not higher.'than 127. Brainier then undertook tho investigation, 
and he has shown that tho true atomic weight of tollurium is lower than that 
of iodine, being near to 125. For titanium tho extensive researches of 
Thorpe have confirmed the atomic weight of Ti48, indicated by tho law, 
and already foreseen by Rose, but contradicted by tho analyses of Pierre and 


several other chemists. An equally brilliant confirmation of the expectations 
based on the periodic law has been given in £bo case of the series osmium, 
iridium, platinum, and gold. At the time of the promulgation of the periodio 
law, th© determinations of Berzelius, Rose, and many others gave the follow¬ 
ing figures » 

Os-200; Xr-107; Pt-198; Au®196. 


* Lot mo mention another proof of tho bivalency of beryllium which may have passed 
unnoticed, an it was only published in the Russian chemical literaturo. Having remark^ 
(in imi) that the density of fiueh tioluiionti of chlorides of metals, MCl n , as contain 200 
mol*. of wliter (or a large and constant amount of water) regularly increases as tho mole¬ 
cular weight of tho dissolved salt increases, I proposed to one of our young chemists, 
M, liurdakoff, that lm should investigate beryllium chloride. If its molecule be BeCl# 
iti weight must be HO; and in such a case it must bo heavier than th© molecule of 
K€I «*74*6, and lighter than that of MgCl a » 08. On th© contrary, if beryllium chloride is 
& trichloride, ReCli « »l), iti molecule must be heavier than that of 0a01 a «lll, 4nd 
lighter than that of Mw01 a «126. Experiment has shown the correctness of th© fonder 
formula, th© solution BoG] 9 + 900H*O having (at 15°/4°) a density of 1*0188, this being a 
higher density than that of the solution KCl + 200H a O (» 1*0121), and lower than that of 
MgChj 4“ uouHaO (1*0208). Tho bivalonoy of beryllium was thus confirmed in tho case 
bo tli of th© dissolved and th® vaporised chloride. 







Tho expectations of the periodic law 6 have bmn confirmed# firnt, by now 
determinations of tho atomic weight of platinum (by Soubert# Bittmar# and 
M'Arthur, which proved to bo near to 190 (taking O • 10, as proponed by 
Marignao, Braunor, and others); secondly, by Sonbert having proved that 
tho atomic weight of osmium is really lower than that of platinum, being 
near to 101; and thirdly, by the investigations of Krllim* Thorpe and 
Laurie, proving that the atomic weight of gold exceeds that of platinum# 
and approximates to 197. The, atomic weights which wore thus found to 
require correction were precisely those which the periodic law had indicated 
as affected with error®; and it has been proved,'therefore, that the periodic 
law affords a moans of touting experimental reaultn. If wo succeed In dis» 
covering tho exact character of tho periodic relationships fudwomt tho 
increment® in atomic weights of allied elements dlneniwml by Bidberg in 
1885, and again by Bazaroff In 1HH7, we may expect that our instrument 
will give us tho means of still more closely controlling the ©xpcrhuotttal data 
relating to atomic weights. 

Let me next ©all to mind that, while disclosing the variation of chemical 
properties,® tit© periodic law has also enabled xm to systematically dlscuji© 
many of the physical proparti©® of dmnentory licwlt t, anil to show that tliiii# 
properties are also subject to the law of periodicity. At tho Moscow C\«tgr«is 
of Busaion Naturalists in August, 1809 , 1 dwelt upon the relatione wttfeli 
existed between density and tho atomic weight of the olvinimu, Tho follow* 
Ing ymw Professor Lothar Moyer, in hi* wcll*km»wn paper, 14 studied fftt 
same subject In more detail, and thtiii contributed to spnmd information 
about the periodio law* Lator on, Cirnell^y* I*Aiiri», L* Moyer, ltnh<»rt®* 
Anaten# and several others applied the periodic system to reprint tho order 
In the changes 'of the magneto proptirHii* of the ©foments, tindr mulling 
points# the heat® of formation of their haloid eompounda, mut own of mich 
mechanical properties m tho oo-ofileknt of ©Uuitieity, the breaking stress, do,# 
&o. Those deductions, which have received Author support in the discovery 
of now elements endowed not only with ©hemlool but oven with phy ileal 
propertios, which were foreseen by tho law of periodicity, ore well known; 
so I need not dwell upon the subject, and may imm to the eoiudderttion of 
oxides. 1 * 


• I pointed them mi In Hie toM/s Anmdm M f&npptemmi ik&4„ til, lifl# p. ill. 

* Thm* in the kfpioal small period of 
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11 A diatoaot periodicity cw® alio \m discovered l» the spectra «if the »l*mant*. Thm 
the rosarchcs of Hartley, CI«nlel» # aud other* hmm mrnbrnmi, inti, it® fc«ro<»fegy 
<& too spectra of aatiopm* clemsats: lf # that lb# alkali met*)* ii*t» Ampler 

iptete®, than to# aricls of the folknring groups; and thirdly, tjmt teere I# a c*vtof«t tflw* 
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In indicating that the gradual inomBm of the power of cfaflMnti of ca¬ 
bining with oxygen fa accompanied by a corresponding in fheir 

power of combining with hydrogen, A© periodic law has shown that there fa 
a limit of oxidation, just at there is a wdl-known limit to the capacity of 
elements for combining with hydrogen. A single atom of m element com¬ 
bines with at most four atoms of cither hydrogen or oxygen; and while OH* 
and SiH 4 represent the highest hydrides, so ltu0 4 and 0s0 4 arc the highest 
oxides. Wo arc thus led to recognise ty|K>a of oxides, just m we have had to 
recognise typos of hydrides. 19 

The periodic law has demonstrated that the maximum extent to which 
different non-metals enter into combination with oxygen is determined by the 
extent to which they oombine with hydrogen, and that the sum of the number 
of equivalents of both must be equal to 8. Thus chlorine, which combines 
with 1 atom or 1 equivalent of hydrogen, cannot fix more than 7 equivalents 
of oxygen, giving C^O ? ; white sulphur, which fixes 2 equivalents of hydrogen* 
oaimot combine with more than 6 equivalents or 8 atoms of oxygen. It thus 
becomes evident that we cannot recognise m a fundamental proprty of the 
elements the atomic valencies deduced from their hydrides; and that wo 
must modify, to a certain extent, the theory of atomicity if wo derire to rake 
it to the dignity of a general principle capable of affording m insight into the 
constitution of aU compound molecules. In other words, It fa only to carbon, 
which is quadrivalent with regard both to oxygen and hydrogen, that we can 
apply the theory of constant valency and of bond, by mmm of which m many 
still endeavour to explain the structure of compound inolcouteft. But I should 
go too far if I ventured to explain in detail the conclusions which can be 
drawn from tho above considerations. Htill, I think it mmmuvty to dwell 
upon one particular fact which must bo explained from the point of view of 
the periodic law in order to clear the way to its extension hi that particular 
direction. 

The higher oxides yielding salts the Ihmmikm of which was foreseen by 
the periodic syttem— for tattoo#, in the abort series bcgta&bg with 

NaA Mg0* AlgOp SiOp f t 0 p BO*, 0,0,, 

must be clearly distinguished from the higher degrees of oxidation which mr* 
respond to hydrogen peroxide and bear the true character of peroxides. Per* 
oxides such m N%0» BaCt, and the like have long been known. Similar 

m w W T 

19 Formerly II w&@ seppoaiHl that, fating a htmfent ekMt, oxygen em wit m into mj 
grouping of ili« atoms, sxut this*© mm no limit Itmmm m fa the axtent to wtiluti It oould 
further enter into oembimtkiii. We amid nut «kpUua why blvak&lsidphuf, which fatma 
ocmpocmla utkti m 

O sad «<;>• 

clrtiM ad alto tomato am— 

•<££>* 





peroxides have also recently become known in the case of chromium, eulphur, 
titanium, and many other elements, and 1 have sumetiMoa heard it said that 
discoveries of this kind weaken the conclusions of the periodic law in so far 
m it concerns the oxides. I do not think so in the least, and I may remark, 
in the first place, that all those peroxides arc endowed with certain properties 
obviously common to all of them, which distinguish them from the actual, 
.higher, salt-forming oxides, especially their easy decomposition by means of 
simple contact agencies; their incapability of forming salts of the common 
type; and their capability of combining with other peroxides {like the faculty 
which hydrogen peroxide possesses of combining with barium peroxide, dis¬ 
covered by Behoeno)* Again, we remark that some groups are especially 
Characterised by their capacity of generating peroxides. Bitch is, for instance, 
the case in the sixth group, where we find the well-known peroxides of 
sulphur, chromium, and uranium; so that further investigation of peroxides 
will probably establish a new periodic function, foreshadowing that molyb¬ 
denum and tungsten will assume peroxide forms with comparative readiness. 
To appreciate the constitution of such peroxides, it is enough to notice that 
the peroxide form of sulphur (so-called penmlphurio acid) stands In the same 
relation to sulphuric acid as hydrogen peroxide stands to water; — 

H(OH), or Il/\ responds to (OH)(OH), or ll s O t , 

and sO also— 

11(1180/, or I1 uB 0 4 * responds to (lIBO/flbBO/, or 

Similar relations are seen everywhere, and they eerre*|H>iict to the principle 
of aubstituttona which 1 long since endeavoured to represent ns one of the 
chemical generalisations oaUod into Ufa by tit# periodic law. Bo also 
sulphuric acid, if considered with rtfctnwi to hydroxyl, and represented e* 
follows— 

110(80,011), 

has its corresponding compound in dithionio acid— 

(80/)II)CB0,0llh m 11,8,0** 

Therefore, also, phosphoric acid, 11011*011/!,), has. In the same sens#, its 
corresponding compound in the sttbphosphorto mhi of 

(TOH/> 3 )(TOI 1,0/, or 

end w# mail wpp^ that the peroxide compound carrsepondlng to phosphoric 
add, If it be discovered, will have the fallowing structure 

(HjTO*), m H,? /Vill/1 * %m $ s* 

So far ae is known at present, the highest form of peroxide* fa iiwt with ill 


» Ii this mum, ©mho add, (COOU}» sta mmmpmfa to esrtHmte arid, iitt{t *«!!!), 
1*4* •Mas way that ditlifoMo arid sumspamis ta sulphiirto sefcl, sad sahphospWln 
teW to ffeMptarfej taw, If a parotids «wwj«itil»§ to earUsni* sold to* i4«i*ta«d, 


the peroxide of urauium, U0 4 , prepared by Fairley; M while 0s0 4 k the 
highest oxide giving salts. The line of argument which is inspired by the 
periodic law, so far from being weakened by the discovery of peroxides, is 
thus aotualty strengthened, and wo must hope that a further exploration of 
the region under consideration will confirm the applicability to chemistry 
generally of the principles doduood from tho periodic law, 

Permit mo now to conclude my rapid sketch of tho oxygon compounds by 
the observation that tho periodic law is especially brought into ovidonce in 
tho case of tho oxides which constitute the immense majority of bodies at our 
disposal on tho surface of tho earth, 

« Tho oxides are evidently subject to tho law, both as regards their chemioal 
and their physical properties, especially if wo take into account tho cases of 
polymerism which are so obvious when comparing C0 3 with SinO^, In order 
to prove this I give tho densities $ and tho specific volumes v of tho higher 

oxides of two short periods. To render comparison easier, the oxides are all 
represented as of tho form R^O*. In tho column headed A tho differences 
are given between tho volume of tho oxygon compound and that of tho parent 
element, divided by «—that is, by tho number of atoms of oxygen in the 
compound n 
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S. 

V. 

A 

Nik/). 

. 20 

24 

-22 

K a O. 

.. 2*7 

85 

-55 

MgA. 

. 8*0 

22 

— 8 • 
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80 

— 7 
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w » # A 4 P * *^il 0 

20 

+ 1’8 

SO.^Og ... ... 

.. 8-80 

85 

0 

«,0 4 . 

.2-05 

45 

5*2 

UA. 

. 4*2 

88 

4- 5 

i>A . 

.. .... 2*89 

50 

0*2 

VA. 

. 8-49 

52 

6*7 

SjOg Mlllll 

. 1*00 

82 

8*7 

CrA. 

.. 2*74 

78 
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I have nothing to add to those figures, except that like relations appear in 
other periods as well. Tho above relations were precisely those which made 

it possible for me to be certain that the relative density of ekasilicon oxide 
would be about 4*7; germanium oxide, actually obtained by Winkler, proved. 
In foot, to have the relative density 4*708. 

The foregoing account i« far from being an exhaustive one of all that has 
already been discovered by means of tho periodic law telescope in the bound¬ 
less realms of chemical evolution. Still less is It an exhaustive account of all 
that may yet be seen, but I trust that the little which I have said will account 


u The compounds of uranium prepared by Fairley seem, to mo especially instructive 
in understanding tho peroxides. By tho action jof hydrogen peroxide on uranium oxide, 
tK>s, a peroxide of uranium, XT O 4 , 431^0 , is obtained (U *240) if the solution be .acid; but 
if hydrogen peroxide act on uranium oxide to tho presence of caustto soda, a crystalline 
deposit is obtslnid which has the composition Na*XJ0*,4E^0, and evidently k a combina¬ 
tion of sodium peroxide, N%O t , with wmdnm peroxide* UO4. It k posnibhi that the 
former peroxide, T?C> 4 , 4 H« 0 , contains the elements of hydrogen peroxide and uranium 
peroxide, or even tJ{OH)^HfOj,llk® the peroxide of tin recently discovered by 
Spring, which has the constitution 8%0 

** A thus reinresents the average toortaie of volume for eadh atom of oxygen con¬ 
tained in the higher aidWormtog oxide. The acid oxides give, as a rule, a higher value 
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for the philosophical interest attached to chemistry to this law. Although 

but a recent scientific generalisation, it has already stood the test of laboratory 

verification, and appears m m instrument of thought which has not yet been 
compelled to undergo modification; but it needs not only new applications, 
but also improvements, further development, and plenty of fresh energy. Ail 
this will surely come, seeing that such an assembly of men of science as the 
Chemical Society of Great Britain has expressed the desire to have the his¬ 
tory of the periodic law described to a lecture dedicated to the glorious name 
of Faraday* 



APPENDIX HI 


ARGON, A NEW CONSTITUENT OF THE ATMOSPHERE. 

Wmot m PROFESSOR MENDELfiETO IN FEBRUARY 1895, 

Tm remarks made in Chapter V., Note 16 bis respecting tho newly discovered 
constituent of tho atmosphere are here supplemented by data (taken from 
the publications of tho Royal Society of London) given by the discoverer® 
Lord Rayleigh and Professor Ramsay in January 1896, together with obser¬ 
vation* made by Crookes and Okzewsky upon the same subject* 

This gag, which was discovered by Rayleigh and Ramsay -in atmo¬ 
spheric nitrogen, was named argon 1 by them, and upon the supposition of 
it* being an element, they gave it the symbol A, Rut its true chemical 
nature is not yet fully known, for not only lias no compound of it been yet 
obtained, but it has not even been brought into any reaction* From all that 
f» known about it at the present time, wo may conclude with the discoverer® 
that argon belong!* to those gases which arc permanent constituent® of the 
atmosphere, and that it is a now clement. The latter statement, however, 
requires confirmation. We shall presently see, however, that the negative 
chemical character of argon (its Incapacity to react with any substance), and 
the small amount of it present in the atmosphere (about 1J per oeni by 
volume ha the nitrogen of air, and consequently about 1 per cent by volume 
in Mr), as wtl as the recent date of Its discovery (1894) and the difficulty 
Of its preparation, are quite sufficient reasons for the incompleteness of the 
existing knowledge respecting this element But since, so fex as is yet known, 
we are dealing with a normal constituent of the atmosphere* the 

* From ill© Crock Apy&j#—Inert, 

* In Note 16 bis, Chapter V., I mentioned that, judging from the specifio gravity 
of argon, it might possibly be polymerised nitrogen, Ng» bearing the same relationship to 
Mteogen, N* that osone, Of, bears to ordinary oxygen. If this idea were confirmed, Mk. 
mm imM&oi imagine that argon was formed from the ateo^herio nitrogen by these 

by which it was obtained by Rayleigh and Ramsay, bat mther that it srine 

t* not quite destroyed by the mow Mosul result*, still it is ecmtwidlctid by the &ot ths* 
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existing data, notwithstanding their insufficiently definite nature, should 
find a place oven in such an elementary work an the present, all the more an 
tho names of Rayleigh, Ramsay, Crookes and ObmtWEky, who have worked 
upon argon, are among tho highest In our science, and their renearehee among 
|tho most difficult. 51 These researches, moreover, were directed straight to 
jtho goal, which was only partly reached owing to the unusual properties of 
■argon itself! * 

When it became known (Chapter V., Note 4 bis) that the nitrogen obtained 
from air (by removing the oxygen, moisture and CO ?l by various reagents) 
has a greater density than that obtained from the various (oxygen, hydrogen 
and metallic) compounds of nitrogen, it was a plausible explanation that the 
latter contained an admixture of hydrogen, or of some other light gas lower¬ 
ing tho density of tho mixture. But such an aswumption is refuted not only 
by tho fact that tho nitrogen obtained from its various compounds (after 
purification) has always the same density (although the supposed impurities 
mixed with it should vary), but also by Uayleigh and Uanmay's experiment 
of artificially adding hydrogen hi nitrogen, and then passing the mixture over 
red-hot oxide of copper, whim it was found that the nitrogen regained its 
original density, is, that the whole of the hydrogen was removed by this 
treatment. Therefore tho ditlenmcu in the density of the two varieties of 
nitrogen had to be explained by the presence of a heavier gas in admixture 
with the nitrogen obtained from the atmosphere. 'Huh hypullieatit wim con¬ 
firmed by the fact that Uayleigh and Ramsay having obtained purified nitrogen 
(by removing the ()„, CO, and H/>), both from ordinary air and from air 
which liad hmn previously subjected to atiuolysis, that is which had hewn 
passed through porous tubes (of burnt clay, *.jf. pipo-atem), surrounded by a 
rarefied apac®, and m deprived of its lighter constituents (chiefly nitrogen), 
found that the nitrogen from the air which had been subjected to ttlinolytili 
was heavier than that obtained from air which had not been m\ treated. This 
(experiment showed that the nitrogen of air contains an admixture of a gas 
which, being heavier than nitrogen itself, 1 dUTuntm more slowly iti&ft nitrogen 

•to ittbjeot It to m high a totujNiratnro as gtosaible. And the **f ititrogaii 

polymerising is all the mere admissible from the fact that tlt« aggregation «f its at*mm 
la the molecule i» not at all unlikely, and that polymerised nitrogen, fudging from many 
.examples, might be inert if the imlymerisation were by the evolution d 

Imb firth® following footnotes I frequently return to this hypothesis, nut only hnrause 
X have not yet wet any laete definitely tamtiwlietory t» it* hut id*» teaiaiise the «>hi*f 
properties of argon agree with it to a certain extent. 

* Tilt thief difficulty in investigating argon he* in the feet that its |ffpp#*tinii r«e|tMree 
the employment of a large quantity of air, which has to I m treated with a niifnWf *4 
different reagents, whom perfect purity (especially that of magnesium) will idwaya he 
doubtful, and argon hastncil yet been transferred to a aabatanae in which it «*mld t« easily 
purified. Perhaps the oonriikrabla solubility of argon in water fur m other em table 
liquids, which have not apparently yet been tried) may give tint mean* of doing «»*, and it 
may be possible, by oofieoting tbsedr expelled imin boding water, t« obtain a rtohef mmrm 

$£ Ol gftH than f- mUtmr y ftfy , 

♦ * * m Ughl alt® be tapped that this heavy ga* Is separatpsd by the «t§jfi#f when the 
iNllNg.MMiNltt the w^fftn <4 'die *br I bat sash a suppcisilhm ip not ©uly improbable In 


through thio porous mfi$bri&L. It romaiuedj therefore’, to separate this im¬ 
purity from the nitrogon. To do this Rayloigh and Ramsay adopted two 
methods, converting the nitrogen into solid and liquid substances, either, 
by absorbing the nitrogen by heated .magnesium (Chapter V., Noto 6, and 
Chapter XIV., Noto 14), with the formation of nitride of magnesium, or else 
by converting it into nitric acid by the action of oloctrio sparks or tho presence 
of an oleosa of air and alkali, as in Cavendish’s method. 3 bU In both cases 
tho nitrogen entered into reaction, while tho heavier gas mixed with it 
remained inert, and was thus able to bo isolated. That is, tho argon could bo 
separated by those moans from the excess of atmospheric nitrogen accom¬ 
panying it. 4 As an illustration wo ’will describe how argon was obtained 
from tho atmospheric nitrogen by memos of magnesium. 5 To begin with, 
It was discovered that when atmospheric nitrogen was passed through.a tube 
containing metallic magnesium boated to hodnes@,'its specific gravity rose to 
14*88. As this allowed that part of tho gag was absorbed by tho magnesium, 
a mercury gasometer filled with atmospheric nitrogen was taken, and the 
fetts drawn over soda-lime, P a O a , heated magnesiumand then through 
tubers containing red-hot copper oxide, soda-lime and phosphoric anhydride' 
to a second mercury gasometer. Every time tho gas was ropaasod through 
tho tubes, it decreased In volume and increased in density. After repeating 

of the metals, like B*©0) besides red-hot copper, and tot to nitrogen obtained If always 
just as heavy. Resides which, nitrogen is also sot free from, its oxides by copper, and tho 
nitrogen thus obtained is lighter* Therefore it is not to copper which produces the 
heavy gas— L§» argon. 

®t»t» xt in worthy of noto that Cavendish obtained a Bipod residue of gas in con¬ 
verting nitrogen into nitrie add; but ho paid no attention to it, although probably ho 
had in hie hands the very argon recently discovered. 

* When in these exjHditnmta, Instead of atmospheric nitrogen tho gas obtained from 
Hi compound w§t*i taken, an inert residue of a heavy gas, having to properties of argon, 
was tdsn remarked, hut its amount was very small Rayleigh and Ramsay ascribe to 
formation of this residue to to fact tot to gas in tow experiment* was collected ovor 
water, and a portion of to dissolved argon la It might have passed into to nitrogen. A* 
the authors of this supposition did not prove it by any spool*! experiments, it forms a 
weak point in their classical research. If it be admitted tot argon it Ns, to fact of Its 
being obtained from the nitrogen of compounds might be explained by to polymerisation 
of a portion of to nitrogen in to act of reaction, although it is impossible to refute 
Il&ykdgh and Ramsay** hypothesis of its being evolved from to water employed In to 
manipulation of tho gaweg. Tlireo thousand volumes of nitrogen extracted from its 
compounds gave tout three volumes of argon, while thirty volumes were yielded by to 
taunt amount of atmn*phor!o nitrogen. 

ft The |*r«’pamiion of argon by the convention of nitrogen intp nitric acid In complicated 
by tho miciwslty of adding a largo proportion of oxygon and alkali, <?t pastdng.nn oloctrio 
discharge through the mixture for a long period, and then removing to remaining 
cayg#n» AU.thi* was repeatedly done by the sutlers, but this method is far move 
<w»pf#x, both in practice and theory, than ilia preparation of argon by means of 
magneton* JfW» 100 volumes of air subjected to conversion into IXNOf* 0*76 volume 
of argon were obtained after absorbing to excess of oxygen. 

e in those and tho following experiments to magnesium was placed in m ordinary 
herd glass tto, and heated in a gas furnace to a temperature almost sufficient to soften 
Hin gk»». Tim current of gas must be very slow (a tub© oontaining a email quantity of 

©.a the heat ovolvotl in tho furination of tka 


this for idis tfkys 1,500 c.c, of gas ware reduced to 200 oo^ an<i the density 
increased to 10*1 (if that of H*«l and N s *•» 14), Further treatment of the 
remainder brought the density up to 10*09, After adding a email quantity 
of oxygen and repairing the gas through the apparatus, the density rose to 
20 * 0 . To obtain argon by this process Ramsay and Rayleigh (employing a 
mercury sdr pump and mercury gasometers) once treated about 150 litres of 
atmospheric nitrogen. On another occasion they treated 7,925 e.o. of air by 
the oxidation method and obtained 05 c.e. of argon, which corresponds to 
0*82 per cent. The density of the argon obtained by this means was nearly 
19*7, while that obtained by the magnesium method varied between 19*09 
and 20*08. 

Thus the first positivo and very important fact respecting argon is that 
its specific gravity is nearly 20~~that Is, that it is 20 times heavier than 
hydrogen, while nitrogen in only 14 times end oxygen 10 times heavier than 
hydrogen. This explains the difference observed by Rayleigh between the 
^densities of nitrogen obtained from its compounds and from the atmosphere 
(Chapter V.» Note 4 bis). At 0° and 700 nun* a litre of the fonwer gas weighs 
1*2606 grm., while a litre of the latter weighs 1*2672, or taking II - 1, the 
density of the first «• 18*910, and of the latter • 18*991. If the density of 
argon be taken as 20, it it contained in atmospheric nitrogen to the extent of 
about 1*28 per cent, by volume, whilst air ocmtuiiut about 0*97 per cent, by 
volume. 

When argon had been Isolated the question natural ly arose, wm it a new 
homogeneous substance having definite properties or wm it a mixture of 
gases f The former may now be positively averted, namely, that argon is a 
peouUtr gas previously unknown to ehemisiry. Bueh m conviction m in the 
first place established by the fast Hilt argon ha* a greater number of m$». 
tlve properties, a smaller capacity for reaction, than any other simple or 
compound body known. The most inert gait known in nitrogen, but argon 
far exceeds it in this respect. Thus nitrogen is absorbed at a nut heat by many 
metals, with the formation of nitrides, while argon, m in seen in the mode 
of its preparation and by direct experiment, <hm*t not possess this property. 
Nitrogen, under the action of electric sparks, combines with hydrogen lit the 
presence of acids and with oxygen in the proneium of alkalis, while argon la 
tunable to do so, m l« mm from th«» method of separation from nitrogen, 
ZUykrigh and Ratuasy also proved that argon is unable to react with elilnrln# 
(dry or moist) sltber direotly or under the notion «f an electric discharge, or 
with phosphorus or sulphur, at a red heat. Hmlium,ponMMitm), mu\ tellurium 
may be distilled in m atmosphere of argon without change. Funnel oaustin 
ioda, incandescent f®d®4ittifi s molten nitrt, reddmt psrosid* of aodhtm, 
and the polyeulphldet of eateimn mi sodium also do not react with argon, 
Ilatbmm black doos not absorb It, anil spongy platinum f« tumble to exrite m 
reaction with oxygen or chlorine. Aqua regia* hmtnim water, and a mixture 
of hydrochloric acid and KMn0 4 ware slao without action upon argon. Iterittea 
whWh It Is evident from tti method of its pnqporatteti that It m nut acted upon 
by tei-bot oxlda of copper* AH these finds exclude any possibility of argon f«tt* 



confirmod by four observed positive properties possessed by it, 

are 

1. The spectrum of argon observed by Crookes under a low press 
GoUslor-Hilckor tubes) distinguishes iu from other gases. 7 It was 
by this means tliat the argon obtained by moans of magnesium is it 
with tliat which remains after the, conversion of the atmospheric n 
into nitric acid. Like nitrogen, argon presents two spectra prodi 
different potentials of the induced current, one being orange-rod, th 
steel-blue; the latter in obtained under a higher degree of rarofacti 
with a battery of Leyden jars. Both the spectra of argon (in contradis 
to those of nitrogen) are distinguished by clearly defined lines. 8 *3 
(ordinary) spectrum of argon has two particularly brilliant and ch&ro< 
red linos (not far from the bright red line of lithium, on the opposite 
the orange band) having wave-lengths 705*04 and 090*50 (see ‘ 
p. 505). Between these bright lines there are in addition lines wit 
lengths 000*8, 505*1, 501*0, 555*7, 518*58, 510*5, 450*95, 420*10, 415 
894*85. Altogether 80 linos have been observed in this spectrum ant 
the WuefiptMiirum, of which 20 are common to both spectra. 0 

% According to Itaylcigh and Bamsay the solubility of argon i; 
Is approximately 4 volumes in 100 volume® of water at 18°* Thru 
i« newly 2J time® more ®olubl© than nitrogen, and its aolubil 
preaches that of oxygon. Direct experiment proves that nitrogen o 
from air from boiled water is heavier than that obtained straight fr 
atmosphere. This again k an indirect proof of the presence of m 
air, 

8. The ratio h of the two apeoifto heats (at a constant pressure 

1 The greatest brilliancy of the spectrum of argon I® obtained at a tension o 
while for nitrogen it it* shout 75 mm. (Crookou). In Chapter V,, Note 16 bit*, i 
that tlm same blue lino observed in the spootrum of argon it also observed in fchot 
of nitrogen. This It a mistake, sktoe thor® is no coinoidenoe between the blue 
th« argon and nitrogen spectra* However, we may add that for nitrogen At i 
moderately bright linn* an* known of wave-lengths 605, 574, 544, 510,457, 443,' 
lift, which arc r#{**ated In th® spaotat (red and blue) of argon, Judging by 
r#i*#ftKth«» (1035) i but It Is naturally impossible to assert that there la perfect 
until some special comparative work has been done In this subject, which is very i 
will more especially for the bluish-violet portion of the spectrum, more par 
between llw lines 449-480, m those Umw art distinguished by their brilliancy In 
argon and nitrogen «j*eeiro. The above-mentioned supposition of argon being pel; 
nitrogen (N.d* formed from nitrogen (N a )» with the evolution of heat, might fl 
support should it b« found after careful comparison that oven a limited m 
•pootml lines cniuutditd. 

» At first the spoetrum of argon exhibits the nitrogen lines, hut after a eert 
these lutiii di*a|»imr (under thn Influent of the platinum, and also of A 1 «ad 
with At latter the spectrum of hydrogen appear*) and leave a pure argon spset 
does not appear clear to mo whether » polymerisation hare takes place or ; 
absorpthm. Perhaps the doeidatlon of this $u®*ti<m would prove Importer 
bistery of argon. It would bo desirable to know, for Instance, wlmthor th® v< 








a constant volume) of argon wm determined by Rayleigh and Ramsay hy tho 
method of tho velocity of sound (nee Chapter XIV., Note 7 and Chapter VII,, 
Note 20) and was found to bo nearly 1*60, that in greater than for those gamm 
whoso molecules contain two atoms (for instance, 00,1 l Jf N f * air* t%c,, for 
which h Is nearly 1*4) or those whoso molecules cam Inin three atoms (for 
instance, CQ a ,N 9 0, &c., for which k w about Mi), hut closely approximate 
to the ratio of tho specific heats of mercury vapour (Kundt and Warburg, 
fc *» 1*67). And as tho molecule of mercury vapour contains one atom, no it 
may bo said that argon In a frimpto gaiiemei body whewo molecule contains 
ono atom . 10 A compound Inxiy should give a smaller ratio. The experi¬ 
ments upon the liquefaction of argon, which %ve tomll prcnonily describe, apeak 
against the supposition that argon in a mixture of two gonna. Thu import¬ 
ance of tho results in question makes one wish that the ili4«rtiiini4lioiiii of tho 
ratio of tho npooifla heats (and other physical projwrtU’n) might be confirmed 
with all possible accuracy,** If we admit, as we are obliged to do for ihn 
present, that argon is anew element, its density r4iow» that ilii »ti<»mio weight 
mmi be nearly 40, that in, near to that of K fill and Vw * 40 , which don* 
not correspond to tho nikting data miipooting the {mriodteity of the proportion 

This portion at Rayleigh nod !t«iiwty*ji wflMtrrtos thmmm sfttattiinn m, 

•0 far, x*o gaaenus aulwlam^tos known wla*«i nwtoude Imi i>i» stoat. Were il 

not for the above (ktcrmiimtinnH, il might to thought lh*t »rgrm t hs* m# «t gif # 

tms ft complex molscule, and iimj in * a rma$«mnd or ptlym^uwil b**d>, IW in«f*ju v t N s 
Or NX** or in geaeml Xb ; lilit tin Itiw m sit ter @tiiu*l 8 4 II can only he *wy.| tl«l «4|tor It) 
•cgtm i* % new, peculiar, and qmt« tiMtsus! eknwilsrv ®uh*l<u*re J there i» imi 

macm to assuming it to wwtititii two simple #****, or (uj the 4 <tto of 

the speiltt h©afe»)tlo«» net only dnfxmd ttfwift to# mimtor »*! atom* r»mtoun*sd in tlt*§ 
Xttoleeule*, but also upon fch« stem of liitunml energy luntom ito ato»r, i m 

too mukietil#). ftlieultl tt»« latter to admitted, Il would fathov tl»l t hr m 4r. u)» , to 4 . ty 
Mtlte gaMOoa elemonts would fwp«jwtstl tan smaller k §ft*tt tlaes* « f tutor y i-, s h *% mg 
an equal number of atom* in their ttmtom)**, Hard* a fa# i$ rhtomn, tor vrhiflt 4 ~ 1111 
(Chapter XIV,, Note 71. For hrtv*ti|,| a small clemm'id ih« tsmtrary, * 

larger inftgnifcudtt would to expci ted h»r A I thmk flirsu ijnrsii nu tmghi to 
•sHltd hy determining 4 for mutw (O s i and ttutghnr r'H. \ f»i ol«Hif StMi'i |« „the r 
I would suggest, Uiough etdy pnwieioimlly, llial Ihe ii«i|.rnslti4« ( 4^10, ohmiord Fir 
a^nn might prove to agree with the lli,4 a ».» *4*, t t fimn % A « n t %)% 

evoluttot nf h#st nr \m% at energy, tier* si. **»» siw $*, »f j» 4 f j. 

Impnrtsttee, »fl it Is In to tojwxl that fiittlw r n tr it, h «4I thr ♦, v, / h, h% « r n „>» 
& ifitolif IXmm xwnafks, 1 only wiA to *l«w the p«i*I b i toiler pi f i 4( ,iy 

Of wyott, and Of toi tftf«tiefi« $m is I may 11.4! If ,4 J| t 

with to# evolution «if tost, its i^nw.iiFii mh* mtoyio, n u nut ** 4 -* mu.M 
otmpcaitiil (to hws ttittol# m mtiek * t fitommd ea/l e **< 11 | | Um* ** -4 

very hi^t tsmpsrstum. 

11 Wittomt having the slightest imw-ti Iw 1 < » •, * , f ^ , j 

Remse^edetemlnetlnnii,I Diinli it neewsif !*♦ *sy that )»i (to t, , j | , 4 

only acquainted with to# short memoir 1 f tto nto%»* cl,r**o%fn m i%-«*§u , ♦, 4 ^ , f n ^ 
Royal Sock^y,* whkh does not glvo sny the n rtaj i.t f „ 4 ,) U 

totahsed* whfl#at the tad (In the gsasrsl c* a* 1w%.s ti#i || S « #f$ft»» f f# tlw? i#< In » , ^ ^„ 
•wot Mbt m It to# idmpl# nettsr# «f «r«t»» M> tWNsIfrf, |t kcsfilf t f>-i« Itol to* it>. F»| 
totvt usuit Imi a dtpeit^kae# nf 4 oprm tin uhsnufsl ^ % 

Mfr of tot get Rsykigh and Itnifii*?!«# in i. it# 


of tho olomonts in dopondonco upon thoir atomic weights, for then 
reason on thn basis of existing data, for admitting any intermediate el 
botwvon Cl «* 35*5 and K » 89, and all tho positions above potassium 
periodic? nynUmx are occupied. This rondors it very dosirablo that the i 
of sound in argon should bo ro-dotorminod. 13 

4. Argon was liquoliod by Professor Olszowsky, who is well known 
classical nmnarehoa upon liquefied gases. Thoso rosoarohes have an e 
interest muon they fehow that argon exhibits a porfoot eonstaney 


w It it nhnrild U) found that k for argon is less than 1% or that h is depend? 
tho ehonmml onorgy, it would be? possible to admit that tho moloculo of argon 
not one, but several atoms—for instance, either IsT* (then tho density would be 2 
it? near to tho observed density) or X^, if X stand for an element with an atomic 
nonr to IV7. No olonmuta are known between H®1 and Li«7, but perhaps £ 
exist. Tho hypahoniti A »40 does not admit argon into tho periodic system, 
molecule of argon bo taken at Ag—i.c. the atomic weight as A**20—argon ap; 
finds a place in Group V11L, Imiwoon F«19 and Na»2S; but such a position co 
bn justified by tho moderation that elements of small atomic weight belonj 
category of typical elements which offer many peouliaritios in thoir proportt 
iiM?n on comparing N with tho other elements of Group V., or 0 with those of Gj 
A part from this there appears to me to bo little probability, in tho light of the 
law, in the position of an inert Bubstano® like argon in Group VIII., between sue 
elements an fluorine and sodium, as the representatives of this group by then 


weights and also by thoir pmpurtto* show distinct transitions from the element 

lent group of tin? uneven scriee to tho elements of the 

first groups of tho even so? 

Instance, 



Group VI. TO. VEIL 

r. 

n. 

Cr Mn Fo,Co,Ni 

Cu 

Zn 

While If we place argon in a similar manner, 



vl vn. vm. 

X. 

II. 

0.15 P»X9 A»2fi 

Na«*29 

Mg«»24 


although from a numeric! point of view there is a similar sequence to tho ah 
from a chemical ami physical point of view too result is quit® different, as th< 
isuoli reaemblonno laitwiMiu too proporil©® of O, F and Na, Mg, as between Or, 
Ou Zti. I repast that only the typical character of the elements with smal 
wnighto can justify the atomic weight A»90, md toe placing of argon in Gro? 
ammifpit the typical element® j then N, 0, A are a senes of gases. 

It ajipaars to me simpler to assume that argon contain® N 3 , especially as 
prowiiit in nitrogon and accompanies it, and, m a matter of fact, none of the < 
prctjmrtitm of argon am tamlrodictory to this hypothesis. 

Tlititi* otormtton® were written by mo in tho beginning of February 1895 
the tilth of that mouth l received a letter, dated February 25, from Professor 
informing mo that 1 tin? periodic classification entirely corresponds to its (argoh’i 
waiuht and that it even gives a froth proof of the periodic law/ Judging i 
mmMthm of my Eugllnh friends. But to what these researches consisted, and 
utortt between thn atomic weight of argon md toe periodic system wa 

nt, h not reform! to to too letter, and wo remain to expectation of a first publu 
the work of Lord Bayleigh and I'mimm* Batmey. [For more complete mformi 

mmm road before the Itoyal Society, J«W ’’ 3 ^ a *f h 

Mai SI I if il, and ft paper published to the Chemical Society^ Transactiox 
2 m, for ii*»traet» of tout© md otto paper® ou argon md hehum, and oo 


position that it contain* a inixtnro of two or more unknown wimm. An thu 
first experiment* nhowed, argon muiuun a f?iw under a ftwmm of 100 
Atmonphoren And at ii temperature of ~W0‘; thin indicated that it*i rritieiil 
temperature wasi pridmtdy below thin Mnperjiturc, an wan indeed found to 
ho the own when the temperature wan lowered to - |»y mtaiui of 

liquid ethylene. At thin temperature argon easily hqti* lieu to n colouriona 
liquid under Ittt aitwi«j»h«tm The tiieni»cii« boguus to disappear at between 

*3 only minium Itin %vry r«um*te jMmsajNhty that nr^'u »<-*n.mia , f w of 

two having v«»rv nearly fts*> «nm»» j*i.>|M 4 rti*^ 

u 1*It« following flitta, |fiv«m In* t f imvslty, Dni'ghuiirnt tit®* dal* m t'hapU'f If,, 

Not * 1 IW» ti|n»« lupt'dW i|a«*nl. 
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Where If l» tto tbtotdttte feftfttmlj t«»illi»|f jw lit* I*»jtninJ} in 

C«rf«»|wi!ilini to it, I the |»«»ii*l (tttulfr a pf*-®#***® **4 irui mm \ f ih*» Pit; point, 

&ftil s ill** agwurifta gravity i»i §. I»s|in4 *1*1** »t * 

Tito iitwtim show* llwt *rj{on in »SN pipp^rUr* in * •l-v’*!* sm io rry^r**# 

(uril il*.li« titnw in iu h*o il*»i #4 ih*> feot4f ( 4 into** ♦ *# I 4r p *<• ? o/, $ t »,,, i# 4 l 

irfll Hint! for Wlf ttfp M *| to * fully 1 t,l.' s » »J| ?-* f-hn.. I . *w » I* I, Of I ,*»*}<< 41^ 
hilt *d«w It* the llt.il 4t *< nf mr* K’i A* i *»4 h- *: | ,-u , d* ( « <» u. U m 

from that of tiitii^u »n»l «?%y/o « H t»'*« Horn Jo *?4 ti sap . ■ t *!,•,, n1 ( o „ *» a „ v t«i 

lliiw Ihw*f «ii*» Ih» 4 l«» ui*s« i* fv ; * ! I * s. ,u I i n. n If 

AnmUtmnt4int4ll«titw»* m titt#44« t^4n m mat U**, |^*f» . ,*<u p?o*| # 

«»l *titrog*‘fi from air #i n«* *S4ifrf»on p *o h ph h- * . »!'’-» ®h o .Mw-I 

ttsi’oittl^iilfiiliiorfwwillmf lw*lt»«o | # 4 .-.t« 4 ®' 4 <<Oj*h«f i 4 t i ' >i. p |* - t , ;,t 

Iltill, it iti not *|»utirt *U 4 # teln Ift** -t* »f i a.. ,* i",> 1 , ,* | i < h .4 

©ter tlw In iMff&r’n **h 4 .-vS *.4 ai 4 o*^U« i» 

ihiiir prepwrlte*, in*l*»|wi»d««iit d Hip *|*|**r*iir« *4 # «|ti*nW|' <•! tvj,f#-jp 4 m ih.oi* 

Cimtiudiny llrworit #1, l8iS| Tlw *<hmi|4*s-a f*,m4«a* *4 i!.<,o 

AmAh of in, |*| np*>n llw. ti-iii 

witli thn fiipiif of iiiwbf lli« mUm% ml a *4«i» 4»^ !».» hi* #«, 

in irr«ii»ii til §»# ^»*i *4 st*» i : ni®« p* itm 
patp)»i mi«! in him If fil «in »I1J Tl»« *4 %hr | : »< 4n«l 

w* to 4ilfrmt«M4 #wing to Ito bn% «# m*i 1 * 4*4 

It quit# nHMMhtol ll*» fifiitiiol f*;rwt*4 m ■plfef i-^mhlU<ns |.«| tiif-rs-^ai* 

TOi frf tto fnutnan t^r«ftcl» eiiwiitel to mmm vtUml «npp<f t* il-»® •tq-.p ♦iio*pi 

Itot «|cm l« a fiifitttf nf 

nftxnpti Ifg. itoultl thin tw ih*» in 


«ft» wW mtf sol lilt tnunmn p«*i«f» I**ff illi^ ||:!««*%S5f | W€i Wmt f«f 

fwttor Mil dnlnltol Si«|h%h m4 Ummmf 

Ttm kttit laf«fii»tliiii ©t>t*li«l tmm Um4**n i« thut li,*»»*,» |- 4 ttf 

taitaK Aftite {«iit4l«l»i F!A tfl% 4 Y,0|, miflt nnt^httiiH *-»4, a *^m # 

hf ttm lifiwn ttoi Yh» «f #li««»Uf «l#i# mm j, *fi*t 

IU *%>*% *4 , (i i 4i 1,1- 

nflM| wiMtm, to in 0*** *t 4 rim4|*W ill 

farttktum* 4§i,jMs ikm *dt f l^aA. 



APPENDIX III. 


— 119°*$ and - 121°*0, moan — 121° at a pressure of 506 atmospheres, 
vapour tension of liquid argon at -123°*0, is 88-0 atmospheres, at — 
it is one atmosphere, and at — 189°*0 it solidifies to a colourless subsi 
like ice. The. specific gravity of liquid argon at about - 187° is nearl; 
which in far above that of other liquefied gases of very low absoluto b< 
point. 

The discovery of argon is one of tho most remarkablo chemical ac< 
turns of recent times,and we trust Dial Lord Rayleigh and Professor Raj 
who made this wonderful discovery, will further elucidate tho truo nkti 
argon, as this should widen tho fundamental principles of chemistry, to ^ 
tho chemists of Groat Britain have from early times mado such val 
contributions. It would bo premature now to givo any definite opi 
upon so new a subject. Only one thing can bo said; argon is so ineri 
its nVe in nature cannot bo considerable, notwithstanding its presence i 
atmosphere. But as the atmosphere itself plays such a vast part i 
life of tho surface of the earth, every addition to our knowledge of its cc 
wltion must directly or indirectly react upon tiro sum total of our know 
of nature. 
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—nwtentlmonlOi H. 

— iaii4»plii»fl»ri«, ii ti\% I@# 

— »ite»teaiii6i Ii ill 

»el|MI§» Ii Sill 


AMC 

Afit, |i^rinirtwfili\ L ttfl 

— |wirSifoiif, I. 4«4 

«*» jwr}i«hf, I. MO 

«— Ii 818 

— |!'pii«t>l¥lwlifi, lb St!t? 

— jwiiftw, I. Sill 

— jwr«ui|ihtirto, ii. 211 

«« ii 22? 

~~ |stii^i|4tiy!iti\ ii, I W 

»*>■■■ Ii * 

—- ii. Ill 

***"' ii. it? 

Ii. ltV 

it 5134 

— filtrlile* tl 212 

— Ii *Jtl 

—* nUttnta, ii till 

— int|ili«fiks it, fit 

—« ittlfiltttffo, t. ?tl, 11, © 

it. 2;tfi, 2IM S 241 

— folluno, $4. 2/2 

— (< Imltii-'iii**, ii 25? 

— Ililui-i'ifiutjir* ||, 2ft8 

«■ itmst*)’fl.iuf 4 II, *2121 
*--■ 4til »»iie* ii. 

— 4lsl«*#«!|tli4iflii, ti, U30 
**• lliliilolil*' 1 , it, 211 

— fiiiiii'PliM, ii 224 

— II. 126 

t. Iwft 

-- miMif tit I 412 
«« tif, t 3*i? 

f;»!||||4«*l 4 i It*? i It. 2 s 
««=» fiiliiliiil. I 1»3 
■«« fiiiiinit*, i #il, Ifii, 4 
ADHyK’ttfi, i 8*?i 
Aftiiiiiiin. ii Ml 
Aftitiilf* rlwmlful, 4. S*i, 
i Air, i. *i!t* 331, 8311 

i A !«,!»*##* • t IJ 


Allotropfasn. i Wl 
Alloy#* it. m 
Alumina, U. 76 
Aluminium* II 70,80 
bromitU’* li. H4 

— brtinii* li WH 

— OWMclli* II. BB 

— eMorM®, iL HO, Bi 

— double ohlwfi«l«» IL 84 

— fluoride, IL Hit 

— hydro* Mo. IL 70 

— ituliths it. H5 
««. nitrate*, H. ho 
—* sillphutu* ii. H'i 
Alum#, it. C. H 'L III 
AluniUi* ii. MU 
AnmlfUMtm, ii. 6H 
Amidini, i, 88H, 4(141 
Amldogeit, I- SUrt 

— hydrattt, L 36H 
Aitiimm, 1. 4tfi 
Axmntmim I. 233, 940 

—•- of ory»liklliialiswt, I. ’307 

—• l»t uf uriitiliun t»f, 1.74 

— In «ir, h 5110 

— Ikwnfiieflw! of, I. 900 
*— iwt#, h 904 

— sod* urtw*ii«, i 834 

—> milttttiifw of, L W* tf§ 

Ammonium, i. 3f»4 

— amnliimiii, i 708 

— WwirlipmS**, i 837 

— wurtauunto, i 4 |} ‘i, 40 ft 

— Oftrbotiftto, I# l**/ 

— robatt swlfi, ii 8 Ml 

— dlrhromiito. ii 979 

—* ii. W% 

— ttilwlp, f, 374, 774 
nitril**, i V«4 

— |ih**i|4}RB 5 *. ii 187 

— itil|»hsii«, ti u*u* 

— tt 3 1 h 

Asmi««y ««f olpiiiniis, I, 079, ft?# 
Attlhntml*, 1 848 
At»ll*n**nt»»r r '4t« , .t hy4rottvft« U» X80 
Attliltmuy, it- hkl 

*— ptlltlflilr*, Ii I orj 

— ©iI*1pi*» li I u7, i*#t 

— itttpttidea, Ii 'ill 

At]tut Hetfift, i 4©7 

f flislisle, I. St I 

Atgmt, t, 331, Af<I*. IUL 

AftsMtlm, II, 17 si 

— »litiy4f|i|e. II I«1 

— ll Tit 

«™ trltsr»iniittf, il I«t 

•>-» irii’lilwf i4# 4 Ii 1*0 
—» tflllllllfltt®', II t«i 

AfM&kitti i IL 144 

ippil TP^wwSf'iiaiwi 1 ' wwumws^ ‘wm<m w* wn 
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Arwmbmn oxychloride, IU ISO 

Araiiittliii, I*. tB5 

Arnmiturottwl hydrogen, IL 189 
AMiraklmnito, I. 59 

Atmulyiits, L lift 

Alornio theory, I. 810 

— volume*, il, 3S 

— wobfltia, L ttl 

A turn# and midouuUift, L, 832 


lUiumi, i. ilH, 7 
phlornto, i. 4HS 
chloride, L fltft 

— hydrotldo, L 016 

—■ nmUltmgtitftio, li, 2S6 
« - fills sU«% i. 1115 
—■ fltldp, I. Illfl 

— I. 157,150, 200* 6X7 
*« tttlphtifo, I. fit4, 615 
llauitifin 11, 7il 

I. 85H 

lt©rtin4i*B , it iliiftrinu, l 483 
ll*f|lllttiii, I. ll I ft 

— ftinmta w#klii nf # L S36* 6X0 

— ctitofiiK i. 6H4 

— ©iMu, I. fill 
Itliiiry tliftrtrf f f. 195 
Hiliitfitlt!, 11. I 

— fiitfftiPi, U. I lit 

— Mldiif, li. XUt>, 191 
|tljf.ni timmi'p, li. 1184 
Itliftt’liini?, t. 4f»*J 

>wder, t. ll»8, 47? 

1^‘lnt, iihftsdutti, i, 150 
II. HI 

!!«»»«, tl 51 
ikirirt it 64 

llttfrsft, || tUt, lUt 

rhkrulo, li 59 

-w IL ill, m 

IipIpIp* ii, 7(1 

— liitfUK l »?; tl. 67 

» **ju4p, Ii. t'.fi 

tii?*! l» 

— iftilfsisklK II fit 
llpUtlUic*, il. Ill 

i 494 

lif»siisi>, il. Ill 

Hill jS fcteallM, otpli 


II. 41 

•— |»4i4«, li. 4H 

««• i^nk, il. W 

— *MpW4#, II. 47 

Cftttlum, l» «7« 
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Calcium chloride f. 287, 012 

— —- crystallohydratas of, I. SIS 

— fluoride, I. 491 

— hypoehloritn, L 162 

— Iodide, 1,1104 

— peroxide, I, 007 
—■ phosphate, it. 107 

— sulphate, I. 011 

— sulphide, II, 220 
Oalonud, li, 04 
Carbamide, i. 409 
Carbides, 1.1149, R5S 
Carbon, L 838 

— bisulphide, ii. 5108 
—■ molecule of, L 854 

— oxynulphidc, li. 204 

— tetrachloride, i. 473 
Carbonic anhydride, i. 879 

— »«■» assimilation of by plants, L 891 

— — dissociation of, I. 892* 80S, 119 

— — in air, 1. 218, 942 

MM rnmm liquid , |* ffftfi 

— — solutions of, I. 80, SI 

— — spooifto heat of, i If $ 

Carbonic oxide, I, IMIS 

— — anil nickel, I, 4OS 
C&rbormulum, ii, 107 
Carboxyl, L 398 
Oarnfdllto, i 421, 544, 580 
Catalytic phenomena, I, SI I 
Caustic potash, 1,550 

— soda, 1.599 
Cements, II, 199 
Corita metals* IL 95 
Cerium, II. 95 

Chamber crystals, L 990j li 980 
Charcoal, 1.848 

Chemical change, rata of, II, 814 

— transformations, I* S 
ChloratihydrUles, i 468 j II. 174, 178, 

177 

Chlorates, 1,482 
Chloridts, i. 411, IIS | U, 51 
Chlorine, 1.488 

—compounds, heat of fovmatioo of* 1 44 

— eryslaOohydratss of, 1.484 
—• oxides, 1. Ill 

— preparation of, I. 4# 

— •oiabU^j of, i 488 
Chloroform, L 471 
Chlorophosphamid#, 1» Iff 
Chloiyi compounds, i 478 
Chrome alum, li 988 
Chrumie add, I. S98 

— anhydride, Ii 980 

— oxide, ii. 954*985 
€h rum i u m. 4L 978, 960 

olikiflilif* li* 9 98 


Chromyl chloride, ii 981 
Ohrynoono, ii 108 

Clay, li. 70 

Ceal, I. 845 
Cobalt, 11. 888 
—* dioxide, li. 80S 

— iltmrltfo* Ii 838 
Oohaltamina Halts, II, 889 
Culm!tie oxide, ii 3112 
Cobitltmaiuina, ii. 889 
Cobaltmia Iiyilroslibf, II, 838 
Cohimfon of liquids, i 52 
c.ike, i. nm 

Collodion enttem, i 975 
Collntdii, i. Oil; ii 7 /, 423 
Combination, chemical* i 3 
Combining weights, I. 91 ; 11, 439 
Combustion, imperfoot, i 341 

— heat of, i i7u, i7s, mill, mm 
Compounds, definite and iudeftuite, i 31 

— type* of, ii III 
CmnmmMUif of solutions* i ii 
C<i«ifii«li¥4t| P iil#elrtMfitiIwiilitf # §§fl 
Contact reactions, i 188, 990 
Cupper, II. 4i«l 

— carbonate, ii 411 

— Complex salt* of* li 419 

— nitrate* li 411 

— nitride* ii 499 
sulphate, Ii 418 

Corundum, II. 73 
Critical fMifiti* i III 
Cryohydrafos* i 99 

Crynaroplo ItitiitigiiMfjftt of aotations 
L w> ill 
Crystals, i 81 
Crystalline form, Ii 7 
Crystatfodiydrate*, 1.10$ 

Crjiitalloliia, i S3 
Cttpellation* li 417 
Cyanides, I, 488 
Cyanogen* i 468, 414 
*** chloride* IL 178 


chemical, i. 4 

XfolhtueMenee, i 104 

Stella rnatal. It, €14 
IteeiMalnr, i I# 

Intonating put, i 111* 178* If I 
Itopresslon of (tawing plat ©t tali* 

Mona, i 90, ffc 550 
Dialysis, i 83 \ II. Ill 
Diamond* i 8110. Hi 
Pitltntltttffi, li 91 

SHfftiaUin, ml* #1, i 6$ 

SHmoiphlam, i it®, li lf» 
DMfldMniit*, i 945 


»XS 

Dissociation, I. 86, 282,608 

Distillation, dry, h 4, 247,842 
Dust, atmospheric, h 241 


V KWW1I, li. 123 

Fermentation, 1. 242 
Funic nhto.’idn, I. 658; II 840 
—• hydrates, II. 880 
—- nitrate, II. 840 

— orthophosphate, Ih Ml 
—- ox hit*, Ih 020 
Ftnmtt eliforitte, it, 888 

— «tttthftt«* II. 888 

— — noltthllliy of, 1.78 
—* lelphldo, Ih 218 
Flame* h 477,170 

' ih 60 

Flttftrfttett, h 401, 408 
Fluorine, h 208, 480 
Fluorspar, 1, 401 
Fm nuiia, chemical, h 181, 826 
Inciting mixtures, h 70 
Furl, oaimitic rapacity of, h 860 
Furnace, electrical* h 882 
Fuaco’Wbaltio salts, ih 880 


CUIWH4HITH UKTAXfR, It. 08 
Oatliuiu, Ih 88, 00 
daft, illuminating, h 861 

•— producers, h 807 


I0D 

Gases, absorption of, i. 848* 

— diffusion of, i. 88 

— expansion of, i. 183 

— liquefaction of, h 184,185, 

— measurement of, i. 78, 8p0 

— solution of, i. 68,18, 86 

— theory of, i. 81, 83,140 
Germanium, ii. 26,124 

*—* chloride, ii. 125 

— oxide, ii. 125 
Glass, i. 128 

— soluble, ii. 110 
Glauber’s salt, I. 517 
Glycols, ii. 117 
Gold, ih 442 

— alloys, i. 446, 447 

— chlorides, ii. 448, 450 

— colloid, ih 447 » 

— cyanide, ii. 450* 

— extraction of, ih 444,-445 

— fulminating, ii. 45Q 

— oxides, ii. 448 

— refining, ii, 440 
Graduators, i. 424 
Graphite, i. 850, 851 
Gror salt, ih 803 
Guignet’s green, ii. 285 
Gunpowder, i, 657 
Gypsum. L 608, @11 


Halooens, i. 445, 487, 490 
Halogen compounds, heat of 
of, h 494, 502; ii. 82 

— — boiling-points of, i. 502 
Hausmannite, ih 10 
Helium, h 670; ih 498 
Hemimorphisra, ii, 9 
Homeomorphism, ii. 8 
Homologous compounds, t 8fi 
Humus,!. 844 

Hydrates, i. 109,185 
Hydraiine, h 258 
Hydrides, h 621; ii. 28 
Hydrocarbons, i. 865, 850 
Hydrogen, i. 128,129, ISO, 142 

— pent&sulphide, ii. 217 

— peroxide, i. 207, 812 
Hydrosols, h 98 
Hydroxyl, i. 192, 213 
Hydroxylamine. i. 202 
HypochloriteSj L 481 
Hyponitrites, x. 294 

Imides, i. 258 
Indium, ii. 27, 37, 88,07. 
lodates, i. 600 
Iodides, ii. ^2 

— of nitrogen, i. 607 


KrrumracENCE, h 108 

Ekac&tlmium, ii. 59 
Ekiudlicon, ii. 25 

Pdreiro-ahrrrilcal theory, h 105 
Fleetric energy and thermal unite, 1 
6H2 

F,lrctroly»te, h 110 
Elements, h 20 
— grouping of, it. 1 
~- typical, ii. 19 
Emulftiomi, h 9H 
Energy, chemical, h 20 
Equations, chemical, h 278 
Equivalents, law of, h 104 
Equivalent weights, h 081 
Ethane, I. 36(1 

Ether, ctitind points of, i. 141 
Ethylene, l 670 
Ethyl ailicatea, I. 104 
Eucnlui ine, I. 484 
Eudiometer, h 109 

Expansion, linear, of elements, fh 81 
Explosion, rate* of tjra&iittiuloD ©I* L 

nr 

Explosives, i. 270, 276 






Iodine, i. S20, 821, 498, 497,498 

— chlorides of, L 511 
XodoHobonsol, i. 508 
Iridiou* oxide, ii. 882 
Iridium, ii. 882 
Iron, ii. 817, 822, 585 

— and carbonic oxide, ii 849 

— cast, ii. 825 

— nitride, ii. 846 

— or©t, 819 

— sulphate, ii. 886 
Isothlonio acid, ii.UftO 
Isomorphism, i. 808, 808 ; IL 1, 4,6 


Xaomn, ii. 70 


Lake#, ii. 77 

Lanthanum, ii, 98 

Laughing gas, il. 297 

L4w of Avogadrmlterhardt, L 8# 

***.—• Itorthottal, I. 44ft 

—* — lloyta and Mariotte, i 111 

— — combining weights, L 321 

— *— Datong and lVtit, h 6H4 

— *»» tH{uivakmta, I, 194 

— — oven number*, I. 857 

<*— — Clay Lmmae, I. 183, 804, QOt 

— — Ouidtarg anti Wang*, I, 441 

— -*• Henry and Dalton, i, 78 

— r- lnd«§t«»itMtlty nf matter, 1 $ 
— KirohofT, L Mi 

—• — limits, h 857 

— — maximum work, 1120 

— — multiple proportions, L 102, III 

— — partial prsattints, i. 82 
—• periodic, ii, 17 

*— — phatti, Ii, 410 

— ~ reversed ijmotm, I, MS 

— — spsoitta heats, L 6H4 

— — lubititttlkiii, L ii0, 80S 

— — m\mm t L 104 
Lead, fh 184 

— aostate, ii. 117 

— carbonate, IL 1# 

— "ehlorkU, IL lit 

— chromate, ii. 180, Iff 
dteildt, it. 141 

— nitrate, ii. Ilf 

— oxide, IL Ill 

— red, ii. 142 
*— nalfci of, L 491 

— tetmehtorM#, IL 144 

— tetrafluoritla, IL 144 

— whit*, ii. 140 
LtWfttii, IL 107 
L#»lp4Ion* 1,71 

liftM , fit, 1 4*i 


Lime, i. 005 

Liquids, boiling point* of, l. IX 

Lithium, L 574 
— carbonate, I. 675 

Litharge, il. 1S7 
Litmus, I. 186 

Lixlviaiion, methodical, i. 521 
Luteo-oobaliio salts, IL 869 


Mmtnm* salt, ib 892 
Magnesia, i. 697 
Magnesium, I. 690, SIM 
*-« carbonate, I. §93, 002 

— chloride, i, 002 

— erystaltohydrates of, I. Ml 

— double Malta of, I. 607 

— nitride, i. ftfIS 
~ silichh*, ii, 102 
<— sulphate, i. 000 
Mangatu***, IL SOU 

— nitrides, ii. 810 

— oxide*, ii. 800, 807,1 Oft, SIS 

— peroxide, t 162 ; it. 805 
-*» sulphate, ii. 807 

Maw, infill -fire of, i, 111, 4.111 
Matohex, ii. 164 
Matter, primary, IL 440 

— transtmiiahtlity of, III 
Mermiry, ii. 40 

— ammonia compounds* ii, 57 
—. baste salts of, Ii 64 

— ©hliwlilf** li S3, S3, 64 

— compounds. hunt of formate 

— cyanide, II. 8ft 

— fulminating, IL Si 
•«* Imltde, ii 66 

*“ tit If ft tea, ii. 51 

«*** tttfitdioi, U All 
*»■«« it. Sit 

-•=» aulphftte, Ii. 61 
»- ittfI|»tiIdea, It. 221 

Mf»tatop*i*» L 4,®| 
Metalloid**, i 34 

Metals, i. 9.1 

of alkaline earths, i #4, 500 
of alkali, I. 648 

displacement of* ii Iff 
Methane, I, 800 

Moisture, determination of, In 

m 

lutluencu ti}*m reaction, L 4 

MofotfoUr VcIllMI*'*, a 4? 

— wain hi and L4iiit#f p-dnl* i 

-**- *■ * • *4 mhaofnii 

. .... latent heat, i 929 

- it per ilk gravity *4 «t»l 

896 


suit*** tension* i ill 


mm 

Bfcdeentea, I. SHI, 322 
Molybdate* **• 2112 
Molybdenum, ii, 290 
*— ntth ydride. it, 291 

— fhio n. 29# 

itulphtdiM, ii 797 

MoWlfllHMptltUlltflr, ii. 17B 
Momwidmm oitls*>|di«%|iltfit% li 101 
Mori»h‘dt<*l*y» **• Hi 

Kahitua, i 873, till 

Nascent i4 h{*’, I H*i, 14ft, 14ft 

NwnlymUiiii, It. til 

Nickel, Ii. Sftlt 

— Illii* til'll 

*»* find rtuhonie o*|de, 11, BSf 
—* lluni id*\ IL 9?irt 
•**« hydlutlde, tl HftS4 

—• oxide, it 

—■ iaii|iSint*% I til l ii 880 
m***. t»Irti r‘ii1t h *%\ I, ii 80? 

Niobium. ti 191, 11»H, m 

Nitrate a, I- 973 

Kitre?i» i* tiitii, Mih 
Nlttrio ttfilijftfift* 1 * !• 9HD 

<*■ - oxide, i. 

Nitrifies, i. ViTi, 98*. 03O 
Nitrile*, I, 4**0 
Nitrite** I 2**4 
Nitm I, 27/1 

KilfiMHimi^oiimla, i 274 
I. 223. 235, 41$ 

— ’* oh Inf hie, I- 176 
■*«» ittdhle, t ti*\f 

— main **r, i 267. V'MI, 2«4*»4»»$ 
mili*iiu y'iM 

NiUo j*r iiyeit.tr*>, Ii lift! 

Nitron** I $00 

it. fill 

Nitr»«yf rhh‘Md*\ ii, 17ft 
Kfirwpifitiiti, In 6?J 

CVei.rnfn*, I 114 
Olrlmtil f!*!^ 4 870 

Clr|:|»ii»* mrt*li»e I* Bill 

<l»tfiitii*i, ii 373. «W3. IIH| 

OlifWfiie i HI 

ii <JH3 

Omimide. I m\ 

Oxidation, I ill 
OxitU*#, i i |: W # li ift 

iHymltmh&miw wilt#, II. 8*f® 

Oxygen. I. I« 8 111, Ifni, !§§ 

bm% t*f tdk I* 

Iftl, ’Itill 

Own*, i 10M. fit 

lVuyw»tti«, 11. Ii® 

_ >.wJri,t« 1 Silt II. IliliJ 
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Palhuloue chloride, ii. 379 

— .iodide, ii. 379 

Paritcyanogen, i. 414 
Pammorphinm, ii. 9 
Panuuilphatammon, ii. 269 
I Vat* i. 344 

Peligot’si salt, ii. 281 
Percentage composition, i. 326 
Perchloric anhydride, ii. 282 
Pei iodatesi, i. 6to 
Permanganic anhydride, ii. 813 
PormulybdateH, ii. 297 
Poroxiefo, chloric, i. 484 
Peroxide*, I, 1-19; ii. 15,*23 
IVrNtnnnio oxide, ii, 133 
iVnudphnira, ii. 253 
Petroleum, i. 373 
Phenol, solubility of, i. 75 
Phlogiston, l 17 
Phosgene gas, H. 175 
Phosjdmm, ii. 17H 
PhoNjihidea, ii. 157 
Phosphine, ii. 158,160 
Phesphuuium iodide, ii. 159 
Phonphorid anhydride, ii. 161 
Phonjihormni anhydride, ii. 100 
Phosphorus?, ii, 149 

ammonium compounds, ii. 178 
—»ehloridei, It. 174 

— fluoride*, ii. 173 

— iodides, i. 505, 500 ; ii, 172 
oxychlorides, ii. 173 

— xufjdtitlex, ii, 213 
uulpho-cblnride, ii, 213 

• * theimo chemical data for, Ii, 153 
PhtfephuiYtird hydrogen, ii. 158,160 
PhoUtgmphy, !L 431 
Photo tmlifi, ii. 432 
Plantii, chemical reactions In, I. 547 

— and nitrogen, I. 230 
Platinlo chloride, ii. 877 
-«• hydroxide, Ii. 879 

Plntmo ammonium comirounda, Ii 891 
ciilorides, 1. 407; ii. 878 

— cytttiidini* ii. 880 
« -* intritea, ih 890 

»«Ipliiteii, ii. 890 
Pkiitwiw chloride, Ii, 879 
Platinum, ii. 870 

— alloys, IS, 878 

— black, ii. 870 

-* itwlali, 11. 809, 875 
*”» ciiide, II. 37H 
ptily*haloid aaltn, I. 545 
Poiympriam, i. 207, 807 
Polysulphidea, ii. 217 
Poteiinm, i. 544,558 

— &ur&t«n 1L 449 

— bromidt* 1 ‘550 



FOT 

Potassium carbonate, I, 649 

— chlorate, I. 101, 482 

— chloride, i, 72, MB 

— chromate, ii. 280 

— cyanide, i. 412, Ml 

— dichromatc, it. 278 

— ferrioyanide, ii. 846 

— ferrocyanide, L 846, 413 
*— hydroiudphide, II. 219 

— hydroxide, I. 648 

— Iodide, i. 580 

— manjanata, il. 810 

— nitrate, I. 558 
«— oxides, i. 689 

— permanganate, II. 811 

— atann&tv, IL 188 
**»■* sulphate, 1. 72, 849 

sulphide, ii* 219 

— telluride, II. 274 
PraaooeohaUio t&Hs, il. 881 
Pmacoditlymium, IL 97 
Proterfd «uhilaacci, L 214 
Prowl 1 ! hypothaais, IL 489 
Praiiian bma, I, 4191 ii 849 
PurpuraKtofaUio salt*, II. 861 
Purpuremtetraminn salts, IL 861 
Pyrocollodion, i. 276 
Pyrtmaphtha, L 171 
Pyrosuiphuiyi chloride, L 831} & HH 


BiutmoHf*, ohomfoat, I. 8 

— — condition* for, I, $4 

— — contact, L 81 

— — endothormal, I. 80 
—«— exothermal, L 86 

— - limit of, L 487 

— •— mtc of, IL W2 

Ktoalasomtcf 1 , II. 881 

BuduoUon, I. 18 
Bcfraotiim equivalent, I. 888 
Bcftimerativc fumaiws, L $m 
Eckel** salt*. ii. 894 
Bettpiraikm* L 182,154,887 
Khoditnrti, II, 881 
Mmk L 431 
B#»«ncnWll« salt*, ii W0 
Eoaototramitto unlit, II, 861 
Eihiillwltt, 1.576 
lutihwitm, IL 873,161,884 


ftaUNMoxuo, 1,248,818,483 
— solubility of, L 48ft 
vapoor mmlij of, i lit 
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Urea, i. 400 


Valknct of elements, h 404,4X8, SSI 
Van der Waal’s formula, L 82, 140 
Vanadio anhydride, ii. 108 
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